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(57)Abstract: 

PROBLEM TO BE SOLVED: To cut down the processing time for 
reducing the water content in high aspect ratio deposited film 
further minimizing the metallic or residual pollusion, by a method 
wherein a dielectric film by CVD is deposited on a substrate in a 
vacuum chamber at a specific pressure for heating the substrate 
up to a specific temperature. 

SOLUTION: A BSG bulk film as a doped dielectric layer is 
deposited by heating a wafer and heater at the temperature of 
about 500° C preferably exceeding 500° C while maintaining this 
temperature in the depositing process. At this time, a vacuum 
chamber together with a closed gate valve 280 are maintained 
within the pressure range of about 1 Otorr—760torr preferably about 
400torr-600 torr. In such a constitution, a process gas containing 
TES as a boron source, TEOS as a silicon source and ozone as an 
oxygen gas source are produced, and after evaporating the TEB 
and TEOS source in liquid, the process gasses are blended with an 
inert carrier gas such as helium. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The step which is the approach of making the substrate on a heater depositing an insulating layer 
within a chamber, and heats said heater in temperature of about 500 degrees C at least within said 
chamber; the approach containing step: on which introduce into step;, oxygen, and silicon which pressurize 
said chamber at the pressure of about 10 torKs) - 760torr to said chamber, and said substrate on said 
heater of said temperature is made to deposit an oxidation silicone film. 

[Claim 2] The approach according to claim 1 said temperature is about 600 degrees C at least. 

[Claim 3] The approach according to claim 1 said temperature is about 650 degrees C at least. 

[Claim 4] The approach according to claim 1 said temperature is about 750 degrees C at least. 

[Claim 5] The approach according to claim 1 which there is little moisture of said silicon oxide, it is the film 

with the small high consistency of shrinkage, and does not have a void after about 1000-degree C heating 

step. 

[Claim 6] Said silicon oxide is TEOS and 03. The approach according to claim 1 of depositing by 
introducing to said chamber. 

[Claim 7] The approach according to claim 1 of containing further the step which oxygen, silicon, and a 
dopant are introduced [ step ] to said chamber, and makes a dope oxidation silicone film deposit on said 
gap of at least one piece before making said silicon oxide deposit. 

[Claim 8] The approach according to claim 7 said dopant sent to said substrate, including further the step 
which removes said dope oxidation silicone film from said gap of at least one piece after the dopant from 
said dope oxidation silicone film is sent to said substrate, and before making said silicon oxide deposit gives 
channel stop diffusion to said substrate of the front face of said gap of at least one piece. 
[Claim 9] The approach according to claim 8 by which said dopant consists of boron. 
[Claim 10] The approach according to claim 8 by which said dopant consists of Lynn. 
[Claim 1 1] The approach according to claim 9 said boron is a thing from TEB. 
[Claim 12] The approach according to claim 10 said Lynn is a thing from TEPO. 

[Claim 1 3] The substrate processor containing the following component, vacuum chamber [ of the pressure 
of about 10 torKs) - 760torr ]; — gas distribution manifold; located in said housing which introduces 
reactant gas to said vacuum chamber — ceramic-heater; holding a wafer which heats in temperature of 
about 500 degrees C at least — a means make the insulating layer which contains non-doping silicate 
glass (USG) at said temperature deposit on said wafer from the silicon in said reactant gas introduced from 
said gas distribution manifold to said vacuum chamber, and the reaction of oxygen. 

[Claim 14] The system according to claim 13 which contains the following component further. Connect with 
processor; which controls the source-of-supply distributive system connected with said gas distribution 
manifold, said ceramic heater, said vacuum system, and said deposition means, and said processor, and 
direct actuation of said system. Memory which memorizes the program containing the 1 st set of the 
instruction on which said USG film made to deposit without introducing said reactant gas during the 1 st 
hour, and an aspect ratio having a void on said trench on said wafer of about 2.5:1 at least is made to 
deposit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] Cross reference this application of related application As a joint inventor Jonathan Frankel and Hari 
Patent application which is called "the heater / lift assembly" for high-temperature-processing chambers 
with which Ponnekanti and Inna Shmurun & Visweswaren Sivaramakrishnan were mentioned and by which 
coincidence application and joint transfer were carried out; as a joint inventor Jonathan Frankel & Patent 
application;Gary Fong& Irwin Silvestre which is called "the chamber liner for high-temperature-processing 
chambers" with which Visweswaren Sivaramakrishnan was mentioned and by which coincidence application 
and joint transfer were carried out Mentioned "remote plasma system Patent application which is called 
substrate processor" attached in the bottom and by which coincidence application and joint transfer were 
carried out; as an artificer Patent application which is called "the lift assembly for high-temperature- 
processing chambers" with which Jonathan Frankel was mentioned and by which coincidence application 
and joint transfer were carried out; as a joint inventor In "heat (non-plasma) processing in which 
Visweswaren Sivaramakrishnan & Gary Fong was mentioned Patent application which is called system and 
approach" which detects the end of chamber clarification and by which coincidence application and joint 
transfer were carried out; as a joint inventor Jonathan Frankel and Inna Patent application which is called 
"the lid assembly for high-temperature-processing chambers" with which Shmurun and Visweswaren 
Sivaramakrishnan & Eugene Fukshanski were mentioned and by which coincidence application and joint 
transfer were carried out; as a joint inventor Patent application which is called "the washing approach of 
the front face in a substrate processing system and equipment" with which Gary Fong, Li-Qun Xia, and 
Srinivas Nemani & Ellie Yieh were mentioned and by which coincidence application and joint transfer were 
carried out; as a joint inventor A fluorine from "chamber ingredient front face where Li-Qun Xia, 
VisweswarenSivaramakrishnan, Srinivas Nemani, and Ellie Yieh & Gary Fong were mentioned Patent 
application which is called approach and equipment" which carries out gettering and by which coincidence 
application and joint transfer were carried out; as a joint inventor Li-Qun Xia and Ellie Yieh & 
SrinivasNemani Patent application which is called "the method of making a metal-containing dielectric 
layer deposit in under atmospheric pressure and a high temperature service and equipment" which were 
mentioned and by which coincidence application and joint transfer were carried out; as a joint inventor 
Visweswaren Sivaramakrishnan, Ellie Yieh, Jonathan Frankel, Li-Qun Xia, Gay Fong, Srinivas Nemani, and 
Irwin Patent application which is called "the high-temperature-processing system and approach" of a 
semi-conductor wafer by which Silvestre and Inna Shmurun & Tim Levine were mentioned and by which 
coincidence application and joint transfer were carried out; as an artificer Patent application which is called 
"the system which controls the temperature of vapor growth equipment and approach" by which Jonathan 
Frankel was mentioned and by which coincidence application and joint transfer were carried out; as a joint 
inventor Patent application which is called "the approach and equipment" for the pre-stabilization plasma 
production for microwave clarification with which Gary Fong and Fong Chang & Long Nguyen were 
mentioned and by which coincidence application and joint transfer were carried out; as a joint inventor It is 
related with the patent application which is called "the approach of forming a super-** dope field using a 
dope oxidation silicone film and equipment" with which Ellie Yieh, Li-Qun Xia, and Paul Gee & Bang Nguyen 
were mentioned and by which coincidence application and joint transfer were carried out. Each of the 
above-mentioned reference application is the grantee of this invention. It shall be transferred to Applied 
Materials and the publication of those specifications shall be included in this application specification. 



[0002] Background this invention of invention relates to semi-conductor processing. Furthermore, this 
invention relates to the approach and equipment with which moisture content forms few [ and ] small 
dielectric films of shrinkage covering the description of the high aspect ratio in temperature higher than 
about 500 degrees C at a detail. The example of this invention is useful, especially although a dope 
dielectric film like the Holin silicate glass (BPSG) film, the borosilicate (BSG) film, or the Lynn silicate glass 
(PSG) film is deposited and a part for example, for the source / drain joint and the super-** dope field 
used as a channel stop diffusion part of shallow trench separation are formed. Furthermore, the example of 
this invention is used in order to make the dope dielectric film used as a metal-containing dielectric (PMD) 
layer, the dielectric (IMD) layer between metals, or other dielectric layers deposit. Since the non-doping 
dielectric film of the shallow non-doping silicate glass (USG) film used as a trench separation restoration 
oxide, an insulating layer, a capping layer, or other layers is deposited, other examples of this invention are 
used. 

[0003] One of the steps main although the newest semiconductor device is manufactured is a step which 
forms a dielectric layer on a semi-conductor substrate. As everyone knows, this dielectric layer is 
deposited with chemical vapor deposition (CVD). In the conventional CVD heat treatment, reactant gas is 
supplied to a substrate front face, a heat induction chemical reaction (homogeneity or ununiformity) 
occurs, and the desired film is generated. In the conventional plasma treatment, the plasma controlled in 
the active substance which generates the desired film in order to give decomposition and/or energy is 
generated. Usually, the reaction rate in heat and plasma treatment is controlled by controlling one or more 
sorts of the rate of flow of the following temperature, a pressure, and reactant gas. 
[0004] Since this device began the form of a semiconductor device dozens of years ago and it was 
introduced, size has become small dramatically. Generally the integrated circuit has followed since then 
two year / half size method meaning the number of the devices attached in a chip doubling every two 
years (mostly called the principle of Moore). Today's wafer manufacturing plant is usually 0.5 micrometers. 
And 0.35 micrometers The description size device of skill is manufactured and tomorrow's plant will 
manufacture the device with the soon still smaller description size. The trouble did not consider that is 
important at a manufacture is before related as the description size of a device becomes small and an 
accumulation consistency becomes high. Especially the device with it has the description with a quantity 
(for example, larger than about 3:1 or 4:1) aspect ratio. [ a remarkable accumulation consistency and ] 
[ high ] (An aspect ratio is defined as a ratio of height to spacing of the two level difference sections.) 
In order to manufacture a high quality device, still severer processing is required of manufacturing those 
high accumulation devices, and the conventional substrate processing system is inadequate for filling those 
demands. It is required that the dielectric film formed in the manufacture approach of this device must 
deposit one on homogeneity covering those descriptions of a high aspect ratio, without leaving a gap or a 
void substantially. It is required that another must make shrinkage of those film small so that a void may 
not be visible to the deposition film of continuing heating and/or a wet etching step. However, the 
conventional substrate processing system which deposits a dielectric film at the temperature of less than 
about 450 degrees C typically cannot manufacture the good low-water-flow part film of gap-filling capacity, 
without opening a void substantially in consecutive heating and/or a consecutive wet etching step. As 
everyone knows, those gaps or voids cause that there is no dependability of the device engine 
performance, and other problems. In this device, the dielectric film used as PMD or an IMD layer needs 
good high aspect gap-filling capacity, in order to avoid the problem by those gaps or voids. Furthermore, in 
order to avoid the short circuit and other problems in a device, it is required that metal mixing to the wafer 
in a processing step should be made into the minimum. As everyone knows, the conventional substrate 
processing system which uses the spot plasma during processing experiences physical sputtering of the ion 
which attacks a chamber front face like an aluminum wall, and produces metal mixing of a substrate. 
Therefore, use of the spot plasma is not desirable. In order to obtain the dielectric film in which the high 
aspect ratio gap-filling capacity for a consistency with little moisture content to be high and for 
contraction to be small has a good desirable property, the improved substrate processing system which 
does not use the spot plasma is called for. 

[0005] The high demand which forms a super-** dope field required for a high accumulation device must 
be able to be filled filling those severe demands and also a substrate processing system contracting the 
form of a device. With the small advent of a formal device, a part for the source / drain joint and the 
various applications containing the channel stop diffusion part of shallow trench separation etc. are asked 



for the super-** dope field of a semi-conductor. For example, die length is 0.8 micrometers. The MOS 
device containing the channel of the following has the depth required for a part for the source / drain joint 
of about 250 nanometers (nm) to sufficient device engine performance mostly. A depth of about 0.35 
•micrometers About the transistor divided by trench isolation construction, the super-** channel stop field 
whose depth is about hundreds of nm is always needed. About the application which needs a super-** 
dope field, dopant distribution of a dope field is uniform and it is important that control of the depth for a 
joint is good. 

[0006] The current approach of forming a super-** dope field like an ion implantation and gaseous diffusion 
is inadequate for a certain application. In those current approaches, especially the capacity that controls 
the depth of dopant distribution and junction is restricted as a dope field becomes thin. In an approach like 
an ion implantation, it is difficult to control DOPAN distribution because of the ion of the high density 
concentration of the front face of a semiconductor material. Moreover, an ion implantation causes damage 
in a semi-conductor front face, and it is made difficult that the approach of restoring the substrate damage 
controls the depth of junction of dopant distribution and a super-** dope field mostly. For example, the ion 
which carried out the impact by high energy level relatively tends to dig a tunnel or a channel in a 
semiconductor material, and causes damage like a point defect. The irregular semiconductor material with 
which it reached and the point defect of loam ******** poured in the depth of uneven junction is fixed by 
performing annealing at an elevated temperature (temperature higher than about 900 degrees C). However, 
when annealing of the poured-in semiconductor material is performed, the depth of junction may exceed a 
desired thing. In an approach like gaseous diffusion, if the depth of dopant distribution and junction is 
controlled, control at the point which forms a super-** dope field will become difficult. The alternative way 
which can control the homogeneity of a dopant and the depth of junction of a super-** dope field is 
searched for as a technique advances to the device of a smaller form. 

[0007] In forming a super-** dope field, the alternative way of the current approach of an ion implantation 
and gaseous diffusion has use of a dope dielectric film as a source of dopant diffusion. In the alternative 
way, a dope dielectric film is deposited on a substrate, and in order to form a super-** dope field, it is used 
as a source of a dopant diffused in a substrate. For example, a dope dielectric film is deposited at the 
temperature of less than 500 degrees C within a growth chamber, is heated at the temperature which 
exceeds 500 degrees C within another chamber succeedingly like the annealing electric furnace which 
performs dopant diffusion, and forms a dope field. Control of the thickness of a dope dielectric film, 
homogeneity, and moisture content is important for forming a super-** doped junction part efficiently with 
a semiconductor material. It is controlled especially about the amount of the dopant which can be used for 
diffusion if the thickness of a dope dielectric film and homogeneity which were deposited are controlled. If 
the thickness of the dope dielectric film used as a source of diffusion is restricted, it will be useful to 
raising the throughput of a wafer by saving deposition (and consecutive etching) time amount. Furthermore, 
the film which deposited even the homogeneity of a dopant on a certain homogeneity can give the diffusion 
by which the dopant from the film to a substrate was controlled. As everyone knows, the moisture content 
in a dope dielectric film reacts with the dopant combined by the crystal structure, and the dopant which 
can be used for the diffusion to the substrate which forms a dope field becomes small. Since those film has 
many dopants which can be used for use by diffusion, it is desirable to use few dope dielectric films of 
moisture content. 

[0008] When using a dope dielectric film as a source of dopant diffusion, the conventional substrate 
processing system faces some problems. One problem is that it is difficult to obtain control of quantity 
extent about membranous thickness and homogeneity, when making a dope dielectric film deposit using the 
conventional system. Other problems are that it is difficult mostly to make it perform that it can use for 
the diffusion to the substrate with which sufficient amount of the dopant in a dope dielectric film forms a 
super-** dope field. Furthermore, it acts as a barrier layer which prevents that a dopant diffuses a problem 
from a dope dielectric film to a substrate on the substrate front face in which it is existence of a native 
oxide and a super-** dope field is formed. Those problems are stated to a detail below. 
[0009] In spite of the advantage of using a dope dielectric film as a source of dopant diffusion which forms 
a super-** dope field, especially the problem that it is impossible to control the thickness of a deposition 
dope dielectric film and homogeneity when using the conventional deposition system is concerned with two 
main reasons. The controllability of the homogeneity of the dopant of the super-** dope field which will be 
formed if a conventional approach and equipment are used for the 1 st and the thickness of a deposition 



dope dielectric film and homogeneity cannot fully be controlled, and the depth of junction will decrease. For 
example, in the conventional continuation CVD chamber, a substrate remains on a belt and advances 
through each part of a chamber. The layer which has the thickness of the kind which is each part of a 
••chamber deposits. The thickness of the deposition film is controlled by changing a belt rate, and control is 
limited. Furthermore, the control about the thickness of the film deposited on a different wafer and dopant 
homogeneity is difficult when trying to control membranous thickness and dopant concentration using a 
belt rate. That is, the thickness of the film deposited on a different wafer differs, it cannot expect, but the 
dependability between wafers is lost. It is desirable to whole effectiveness and a whole high wafer 
throughput to control the thickness of a deposition dopant dielectric film even to the very thin film to the 
2nd. However, the conventional approach has formed the dope dielectric film by thickness with an extent of 
thousands of A. Moreover, it is difficult to maintain the thickness of the thinnest possible deposition film 
using the system by the belt rate which controls the thickness of the deposition film. In the thick film 
deposited idiomatically, since the distance from which it moves before reaching a semiconductor material is 
large, some dopants are not used for being spread in a substrate any longer. Moreover, removal of such 
thick film used as a source of dopant diffusion by etching or other technique increases mostly the sum 
total time amount which processes a wafer. Growing up the pressure of the manufacturer who improves 
effectiveness, in order to shorten the time amount taken to deposit and remove, it is desirable to form the 
thinnest possible dope dielectric film. It is desirable for there to be the approach and equipment which can 
control easily the thickness of the dope dielectric film used as a source of dopant diffusion and dopant 
homogeneity (it is less than about 500A in thickness in **0.2 % of the weight of dopant change before and 
behind a wafer). 

[0010] Other problems accompanying using a dope dielectric film as a source of dopant diffusion of a 
super-** dope field are that sufficient quantity of a dopant must be able to use for the diffusion to a 
substrate. It is called for that the film and a high concentration dopant give the dopant of mostly sufficient 
amount for the uniform diffusion to the substrate which forms a part for super-********. However, there 
are two problems about dopant availability with sufficient water absorption and gas drainage. What has a 
high dope dielectric film, especially dopant concentration tends to absorb moisture, just after a wafer is 
exposed to perimeter moisture in a clean room (for example, when a wafer is moved to the processing 
chamber from which the following processing step differs from the growth chamber after deposition of a 
dope dielectric film in a multistage process). Next, the absorbed moisture reacts with the dopant in a 
dielectric film, and crystallizes the film. Even after those dopants continue and heat the wafer by 
performing rapid heat treatment or annealing within other chambers, it becomes impossible to use them for 
the diffusion to a substrate for the crystal structure which combines a dopant in the film. Therefore, water 
absorption decreases the amount of the dopant to the diffusion to a substrate. The gas drainage of the 
dopant from a dope dielectric film may also happen to everything but the problem of water absorption at a 
consecutive heating step. The dopant which can be used for those dopants separating from a substrate, 
diffusing them out of the film, and diffusing them to the substrate which forms a super-** dope field 
becomes small. 

[001 1] When sufficient dopant can use for diffusion, and using a dope dielectric film as a source of 
diffusion, a native oxide is a still important problem, the native oxide which exists on the substrate front 
face in which a super-** dope field is formed — silicon — effective — it reaches and uniform dopant 
diffusion is barred. Therefore, the native oxide which acts as a diffusion barrier layer over a dopant must be 
removed. Removal of native oxide has been performed using conventional technique like the wet etching 
which uses a liquid etching agent, and the dry etching using the spot plasma. However, when a liquid 
etching agent is used, mostly, control is difficult and may carry out over etching of the substrate, about [ in 
which a native oxide begins to form again the substrate by which the native oxide was washed by 
conventional approach like wet etching ] — it is desirable to process a wafer, just after there is a self-life 
of under about one week before and a native oxide is removed. If a native oxide is removed with the spot 
plasma using dry etching, plasma damage will arise on the surface of a substrate. Metal mixing may be 
produced for it not to be desirable, as surface plasma damage was caused and also spot plasma dry etching 
was described above. Therefore, it is important to remove a native oxide efficiently, without damaging a 
substrate front face so that a dopant can be spread to a substrate in homogeneity to a super-** dope 
field. 

[0012] An improvement of quality and overall efficiency is important for manufacturing the integrated- 



circuit device other than a low-water-flow part dielectric film with a high consistency with uniform 
thickness and high aspect ratio gap-filling capacity with little metal mixing. The important method of 
improving quality and overall efficiency, although a device is manufactured is washing a chamber effectively 
~and economically. It is becoming still more important for saving both time amount and storage to delete all 
the down-time in a multistage process, without reaching a compromise in the quality of a wafer, growing up 
the pressure of the manufacturer who improves processing quality and overall efficiency. The reactant gas 
which separated during CVD processing and inside the processing chamber forms a layer like silicon oxide 
or silicon nitride on the front face of the substrate processed. Deposition of the oxide which is not 
desirable is produced also in a CVD system like a gas mixture box and the field between gas distribution 
manifolds. The oxide residue which is not desired is also deposited into this CVD process at the 
surroundings in the wall of an exhaust air channel and a processing chamber. If it becomes impossible to 
wash the residue from a CVD system as time amount is formed, the process which does not have the 
decomposed dependability mostly, and a defective substrate will be obtained. The impurity from the residue 
accumulated in the CVD system can move in a substrate top. The problem of the impurity which causes 
damage to the device on a substrate has relation especially about the device dimension to which today 
becomes still smaller. Therefore, maintenance of a CVD system is important for smooth actuation of the 
substrate to process, and produces amelioration of the device yield, and the engine performance of a good 
product. 

[0013] Although a high quality device is produced, in order to improve the engine performance of a CVD 
system, periodical chamber washing is often called for between processings of all N wafers. If it washes 
without damaging a chamber and/or a substrate efficiently, the engine performance and quality of a device 
which were produced can be raised mostly. The quality of the above-mentioned chamber washing is 
improved, and also (it being carried out, without destroying vacuum sealing) and preventive maintenance 
chamber washing (vacuum sealing is destroyed by opening a chamber lid and wiping off a chamber 
physically) are performed among much periodical chamber washing. In order to perform required preventive 
maintenance chamber washing mostly, it is required to open other chamber parts which can close a 
chamber lid and a lid, and this is the procedure of requiring the time amount which blocks the usual 
production processing. 

[0014] From the above-mentioned viewpoint, it is called for that the approach, the system, and equipment 
which were improved deposit a low-water-flow part dielectric film with the high consistency which has 
uniform thickness and high aspect ratio gap-filling capacity. Those approaches and equipment that were 
improved are equipped with chamber clarification with little metal mixing the optimal. It is called for that the 
approach and equipment which were improved form a dope dielectric film as a source of dopant diffusion 
for super-******** again. Without causing a significant surface damage to a silicon wafer, those 
approaches and equipment must be able to remove a native oxide from a dope dielectric layer efficiently, in 
order [ being effective ] to reach and to make uniform dopant diffusion perform. Furthermore, about a 
certain application, it is desirable to have multistage deposition and washing capacity in the single chamber 
by the design facilitated in order to make into the minimum time amount which washing of a different class 
takes. Therefore, asking are the system in which the elevated-temperature deposition with high quality 
sufficient effectiveness and efficient moderate washing are possible, and an approach. Especially those 
systems and approaches must be designed so that it may suit with the processing demanded in order to 
form the processing and the super-** dope field which are demanded in order to form a device with the 
description of a high aspect ratio. 

[0015] Epitome this invention of invention offers the system for elevated-temperature (at least about 500- 
800 degrees C) processing, the approach, and equipment of a semi-conductor wafer. In order to make the 
high quality processing which produces the high accumulation device which shortens the comprehensive 
processing time and has the description of a high aspect ratio as an example of this invention perform, the 
system, the approach, and equipment which make it possible to perform a multistage processing step on 
that spot within the same chamber are contained. If a multistage processing step is performed within the 
same chamber, the control about a processing parameter will be raised, the moisture content in the 
deposition film will decrease considerably, and device damage will become min for metal mixing or 
processing residue mixing. 

[0016] Especially this invention offers the elevated-temperature deposition which forms the dielectric film 
which has thin thickness relatively, heating, and efficient washing. The example of this invention is effective 



in depositing a dope dielectric film like the Holin silicate glass (BPSG) film, the borosilicate glass (BSG) film, 
or the Lynn silicate glass (PSG) film, and especially forming a part for example, for the source / drain joint 
■and the super-** dope field used as a channel stop diffusion part of shallow trench separation. 
r< Furthermore, since the dope dielectric film used as a metal-containing dielectric (PMD) layer, the dielectric 
(IMD) layer between metals, or other dielectric layers is deposited, the example of this invention is used. 
Since the non-doping dielectric film used as a still shallower trench separation restoration oxide, an 
insulating layer, a capping layer, or other layers is deposited, other examples of this invention are used. 
[001 7] The process at which the approach of this invention heats the process on which the dielectric film 
according [ a pressure ] to CVD to a substrate top within the vacuum chamber of about 10 torKs) - 
760torr is made to deposit, and this substrate to temperature higher than about 500 degrees C is included. 
A substrate is heated for the various purposes which perform the reflow of a deposition dielectric layer for 
flattening, or put in a dopant from a deposition dope dielectric layer, a process is performed at an one-step 
step (for example, temperature higher than 500 degrees C — a wafer top — the film — deposition — and 
a reflow is carried out) or a multistage step (after it deposits the film on a wafer at the temperature of less 
than 500 degrees C and the film accumulates, the film on a wafer is heated). In any case, it is 
advantageous for it to be carried out without high temperature processing removing a wafer from a vacuum 
chamber, and to decrease the water absorption in a dielectric film. As for high temperature processing, it is 
advantageous to enable the spot deposition of a dope dielectric film which has a capping layer again, and to 
decrease the gas drainage of a dopant from the dope film, and to reduce moisture content. In each 
example, reactant gas is sent to a substrate front face, a heat induction chemical reaction occurs, and a 
dielectric film is generated, furthermore — or — or the plasma controlled in order to promote 
decomposition of reactant gas is generated. 

[0018] In a concrete example, a dielectric film is a dope thin film used as a source of dopant diffusion for 
super-********. This film is deposited at temperature higher than about 500 degrees C on a substrate, 
and is diffused to the substrate which is further heated to an elevated temperature, temperature usually 
higher than 600 degrees C, and desirable temperature higher than about 700 degrees C, and is downward 
from a dielectric layer. If deposition and a heating step are performed within the same chamber, good 
control of the thickness of a dope dielectric film, homogeneity, and moisture content will be obtained. It is 
advantageous to the amount of the effective dopant in the film increasing, if membranous moisture content 
is improved, and especially forming a part for super-******** of a high accumulation device. 
[0019] In other modes of this invention, a remote plasma system etches the deposit with which a wall of 
the constituent of a vacuum chamber and equipment is not desired, and washes a native oxide and other 
residues from the semi-conductor wafer before processing. As for the quiet cleaning method using a 
remote energy source, it is desirable to be used instead of the conventional spot plasma process in order 
to reduce metal mixing. For example, a remote plasma system supplies the remote plasma, it can go into 
the desirable chamber of an elevated temperature [ radical / from the plasma / fluorine ], and heat washing 
of the chamber is carried out quietly. In a remote plasma system, only a chemical reaction is used and the 
problem of a physical sputtering operation is eliminated. By contrast, metal mixing in the wafer which the 
sputtering operation attacked the aluminum chamber wall in use of a spot plasma system, and processed is 
imitated, and it is **. In the heat washing process using a remote plasma system, the free radical sent in a 
chamber can carry out clarification of the deposit and the residue from a front face in a chamber which are 
not desirable effectively, while the plasma had separated with the chamber. Other advantages of a remote 
plasma system are that a native oxide is efficiently removed from a wafer in order to make effective and 
uniform dopant diffusion perform effectively from a dope dielectric layer, without starting a significant 
surface damage to a silicon wafer. The advantage of a remote plasma system is that a system is arranged 
at the use for making the film deposit by using different introductory gas needed further. 
[0020] In a suitable example, a remote plasma washing system is a microwave plasma system arranged in 
order to generate selection chemical species (for example, a fluorine, chlorine, or other radicals) and to 
send to a processing chamber. A remote plasma system generates the plasma which gives energy to gas 
and has an etching radical by microwave radiation. In detail, it is generated according to a magnetron or 
other suitable energy sources, and microwave is sent to applicator tubing with which the plasma is 
generated through a waveguide. Next, reactant gas is sent into applicator tubing, and in order to give 
energy and to build the flow of the free radical to a processing chamber by microwave energy, ionization of 
the ignition plasma is maintained. For example, a free radical forms the reactant gas which interacts with 



the residue built on the chamber wall, and is appropriately discharged by the exhaust air system from a 
chamber. A microwave plasma system is used in order to make the plasma strengthening CVD film deposit 
by sending deposition reactivity gas to a processing chamber again. 

'[0021] In other modes of this invention, the terminal point detection system which shows the time of 
chamber washing ending a remote plasma system is contained. If there is no plasma into a chamber, it is 

^difficult to show correctly the time of washing being completed using the conventional terminal point 
detection system (namely, when for the process gas of the last in a chamber to react with a washing 
etching agent and to be discharged from a chamber). This is for according to use of the plasma in a 
chamber, in order for the conventional terminal point detection system to check the radiation from the 
spot plasma typically and to ask for the end of a washing process. At this invention, a terminal point 
detection assembly is SiF4. In order to search for the terminal point of a washing process by detecting 
change of the intensity of light produced for the absorbance of the light by the exhaust air clarification gas 
reaction component [ like ], it connects with the gas exhaust of a processing chamber. 
[0022] In other modes of this invention, the approach of carrying out gettering of clarification gas like a 
fluorine to which it stuck from the front face of a chamber wall is shown. According to this invention, the 
1st washing gas containing a fluorine is introduced into a processing chamber in order to carry out 
clarification of the processing chamber of the deposition residue. Next, after the residue is removed by the 
1 st washing gas, the 2nd washing gas is introduced into a processing chamber. The 2nd washing gas 
removes the washing residue generated by the reaction between the inner surfaces of the 1st washing gas 
and a processing chamber, the washing residue — the removal from a chamber — or if gettering is carried 
out, many advantages will arise. For example, in the suitable example of this invention, a fluorine radical is 
sent to a processing chamber and the residue like silicon oxide is removed by forming the silicon-fluorine 
gas product exhausted from a chamber, or [ that the interaction of the adsorption fluorine on the front 
face of the chamber wall which is a chamber washing procedure by the fluorine is carried out ] — or after 
being incorporated, gettering of the deposition film on the following wafer which should be processed is 
carried out. In another example, gettering is performed by carrying out seasoning of the chamber to 
microwave product atom oxygen using the source of silicon, deposits the thin film of an oxide on a 
chamber, and catches an adsorption fluorine, and prevents contamination of the film continued and 
deposited. 

[0023] This invention offers the various thermal resistance for high temperature processing, and a process 
compatibility component again. The vacuum evaporationo equipment which has the enclosure assembly 
with which the system of this invention holds a processing chamber is contained. The heating assembly 
which has the pedestal/heater at which equipment heats a wafer to the temperature to about 500 degrees 
C - 800 degrees C is included. As for a pedestal, it is desirable that the ingredient which has resistance in 
a reaction with process gas and deposition according preferably about 400 degrees C at least to the 
process gas of the temperature to about 500 degrees C - 800 degrees C considerably is included. 
Furthermore, as for a pedestal, it is desirable that the ingredient which has resistance in etching in the 
elevated temperature (namely, 500 degrees C - 800 degrees C) by the fluorine radical introduced into the 
chamber during washing considerably is included. In a concrete example, a pedestal/heater contains the 
resistance heating element embedded into the aluminum oxide or a desirable ceramic ingredient like 
alumimium nitride. 

[0024] The support shaft which the heating assembly of this invention supports the pedestal/heater in a 
chamber further, and holds a required electrical connection part is contained. As for a support shaft, it is 
desirable at a pedestal/heater to carry out vacuum sealing of the inside of a shaft including the ceramic 
ingredient by which diffusion association is carried out. The vacuum sealing makes it possible to maintain 
the interior of hollow of a shaft with an ambient temperature and ambient pressure during high temperature 
processing, and protects an electrode and other electrical connection parts from the corrosion from the 
process gas and the clean gas in a chamber. Furthermore, the ambient pressure in a shaft makes the 
minimum the arc to the outer wall of a power lead or a shaft through the hollow core of a shaft from a 
power source. 

[0025] In other modes of this invention, in order to insulate a chamber wall from a heater, a chamber liner 
is formed in the surroundings of a pedestal/heater. Preferably, the exterior containing the ingredient which 
has resistance in the interior and cracking containing an ingredient like a ceramic with which a chamber 
liner has resistance in an elevated temperature, and deposition / clarification reaction is included. The 



interior of a liner reduces the wafer edge cooling operation which insulates a chamber wall and has a bad 
influence on the homogeneity of the deposition film. The exterior of a chamber liner is quite thicker than 
the interior, closes the gap between a wafer and a wall, and makes the minimum single cracking relatively 
-produced with a thick ceramic liner. In a concrete example, the air gap which raises the insulation in which 
the exterior of a liner was established by the liner is contained. 

[0026] In the further mode of this invention, a lid assembly is formed as an enclosure assembly. The gas 
mixture block (or box) connected with one or more clean gas paths and one or more process gas paths 
which a lid assembly puts in process gas and a clean gas, and send those gas to a chamber is included. In 
order to make gas flow alternatively to a gas mixture block, one or more bulbs are prepared in a clean gas 
path and a process gas path. The example promotes the spot cleaning method of this invention by during 
processing of equipment and washing being efficiently [ promptly and ] switchable, and the throughput of a 
system is raised. 

[0027] In a concrete example, the gas distribution plate with which a lid assembly contains two or more 
holes which distribute the base plate and gas which have the gas inlet into which one or more sorts of gas 
is put to a processing chamber is contained. As for a lid assembly, one or more bypass paths are included 
in few base plates of the resistance [ hole / gas distribution ] to a fluid flow. During washing, a part of 
washing gas [ at least ] passes to a direct chamber through a bypass path, it gathers the rate of a washing 
process, and shortens the down-time of a chamber. In order that equipment may control a gas flow through 
a gas distribution hole, the bulb which seals a bypass path partially or completely, and a control system like 
a controller are included. 

[0028] These, and other example, its advantage and descriptions of this invention are stated to a detail 
with the following text and an attached drawing. 

[0029] The example of outline this invention of the detailed explanation I.CVD reactor system A.CVD 
reactor of each example is the system, the approach, and equipment which are used since a dielectric film 
is deposited at temperature higher than about 500 degrees C. Since a non-doping dielectric film and a dope 
dielectric film are deposited, especially this system, an approach, and equipment are used. This film is used 
in order to form a super-** dope field, a metal-containing dielectric layer, the dielectric layer between 
metals, a capping layer, an oxide packed bed, or other layers. Drawing 1 is drawing of longitudinal section of 
one example of CVD system 10 of each example. When a dielectric layer can be deposited, the equipment 
of this invention performs the reflow of a deposition dope dielectric layer for flattening or it forms a super— 
** dope field, although the dopant from a deposition dope dielectric layer is put in, it has useful heating-at- 
high-temperature capacity. Furthermore, it is efficient, and this equipment can wash various CVD chamber 
components, and can wash a wafer front face. CVD system 10 is equipped with much capacity on that spot 
in the single vacuum chamber 15. Therefore, a multistage process is performed by the single chamber, 
without moving from the chamber to the chamber of other exteriors. This eliminates an opportunity to 
absorb moisture from perimeter air, the low moisture content on a wafer is obtained, and the dopant 
maintenance by the deposition dielectric layer is raised advantageously. Furthermore, if a multistage 
process is performed within a single chamber, time amount will be saved and the whole throughput of a 
process will be raised. 

[0030] The enclosure assembly 200 which holds the vacuum chamber 15 in which CVD system 10 has the 
gas reaction field 16 is included about drawing 1 . The gas distribution plate 20 is formed on the gas 
reaction field 1 6 which distributes reactant gas to a wafer (not shown) through the hole which penetrated 
the plate 20 which appears in the vertical movable heater 25 (called a wafer support pedestal or 
SASUSEPUTA). The heater / lift assembly 30 which heats the wafer with which CVD system 1 0 was 
supported by the heater 25 are included. A heater / lift assembly 30 can be moved controllable between 
the processing locations as shown in drawing 1 , after being shown to loading / lower offloading location, 
and a lower plate 20 by the dotted line 13 which adjoins closely. The sensor by which a center board (not 
shown) gives the information on the location of a wafer is contained. As for the heater 25 stated to a detail 
in the bottom, a ceramic and the resistance heating component preferably enclosed with alumimium nitride 
are contained. All the front faces of the heater 25 exposed to a vacuum chamber in a concrete example 
are aluminum oxides (aluminum 203 or alumina). Or it is made of a ceramic ingredient like alumimium 
nitride. It is surrounded by the annular pump channel 40 formed of the upper part of the chamber liner 35 in 
alignment with the wall 1 7 of equipment 1 0 and the chamber liner 35, and a chamber 1 5 when a heater 25 
and a wafer are in the processing location 13. Including an alumina or a ceramic ingredient like alumimium 



nitride, the front face of the chamber liner 35 stated to a detail in the bottom works in order to make low 
the temperature gradient between the chamber walls 1 7 which are very low temperature to the resistance 
heating heater 25 (elevated temperature) and a heater 25. 

-{0031] The gas mixture box (or gas mixture block) 273 ( drawing 9 ) is supplied through a supply line 43 f it 
is mixed together preferably, and reactivity and carrier gas are sent to a plate 20. the gas mixture box 273 
— the process gas supply line 43 and washing gas — it is desirable that it is the dual input mixing block 
connected with the conduit 47. As for a processor 50, it is desirable to choose which [ of two sources of 
mutual gas ] to operate a gate valve 280 ( drawin g 9 ) controllable, and to send to the plate 20 distributed 
to a chamber 15 so that it may be stated to a detail in the bottom. The gas from the integral remote 
microwave plasma system 55 by which a conduit 47 has the inlet port 57 containing input gas enters. 
During deposition processing, the gas supplied to the plate 20 is sent to a wafer front face (shown by the 
arrow head 21), and is typically distributed to homogeneity by the laminar flow on a wafer front face at a 
radial. Purge gas is sent to a chamber 15 from an inlet port or tubing (not shown) through the low wall of 
the enclosure assembly 200. Purge gas reaches up through a heater 25, and flows to the annular pump 
channel 40. Next, an exhaust air system exhausts gas (shown by the arrow head 22) to exhaust air Rhine 
60 by the vacuum pump system (not shown) to the annular pump channel 40. As for exhaust gas and the 
residue, it is desirable to be emitted at the rate controlled by the throttle-valve system 63 from the 
annular pump channel 40 to exhaust air Rhine 60. 

[0032] In a typical example, the chemical-vapor-deposition process performed with CVD system 10 is a 
thermal process of under the atmospheric pressure mostly called under atmospheric pressure CVD 
(SACVD). As stated above, reactant gas is supplied to a substrate front face, a heat induction chemical 
reaction (homogeneity or ununiformity) occurs there, and a heat CVD process manufactures the desired 
film. In CVD system 10, heat is distributed by the resistance heating heater 25 stated to a detail in the 
bottom, and can be given to the temperature of about about 400-800 degrees C. these heat distribution — 
deposition of the spot multistage process within a chamber 15, and a reflow — and — or a drive-in, 
washing, and/or uniform rapid heat heating of the wafer which performs seasoning / gettering step are 
given. Moreover, from RF power source (not shown), the control plasma adjoins a wafer and is generated by 
RF energy impressed to the gas distribution plate 20. In the example of a low RF electrode, in order to 
raise decomposition of the reactant chemical species introduced into the process chamber 15, RF power 
source can supply RF power of single frequency to a plate 20, or can supply RF power of a mixed 
frequency to a plate 20 and a low RF electrode. In plasma treatment, the component of vacuum 
evaporation© equipment 1 0 has some which must be corrected in order to hold RF energy so that it may 
be mentioned later. 

[0033] As for the remote microwave plasma system 55 integrated with and supplied to CVD system 10, it 
is desirable to be used in order to perform routine cleaning of the deposition residue which is not desired 
from the various components of the chamber 1 5 containing a wall 1 7 and other components. Furthermore, 
a remote microwave plasma system can be based on a desired application, and can wash or etch native 
oxide or the residue from the front face of a wafer. In order that the gas introduced to the plasma system 
55 through Rhine 57 may supply a fluorine, chlorine, or other radicals, it is washing reactivity gas which 
generates the plasma, but since the plasma strengthening CVD film is deposited by introducing deposition 
reactivity gas into a system 55 through an input line 57, the remote microwave plasma system 55 is used. 
Usually, the remote microwave plasma system 55 puts in gas through an input line 57, generates the 
plasma which gives energy by microwave radiation and contains an etching radical, and is sent to a 
chamber 1 5 through the conduit 47 distributed through a plate 20. Each detail of the plasma system 55 is 
mentioned later. The (radio frequency RF) plasma system which the example with equipment 10 gives spot 
plasma capacity is contained. 

[0034] In order to move and determine the location of the throttle-valve system 63 and a mechanical 
movable assembly like a heater 25, a motor and a photo sensor (not shown) are used. A heater / lift 
assembly 30, a motor, a gate valve 280, the throttle-valve system 63, the remote microwave plasma 
system 55, and an alien-system component are controlled by the processor 50 on a control line 65, and 
only a few is illustrated. 

[0035] A processor 50 controls all the activity of a CVD machine. If it acts as a system controller, a 
processor 50 will perform system controller software which is the computer program memorized by the 
memory 70 connected with the processor 50. Preferably, although memory 70 is a hard disk drive, naturally 



you may be the memory of other classes. Besides a hard disk drive (for example, memory 70), as for the 
CVD system in a suitable example, a floppy disk drive and a card rack are contained. A processor 50 is 
operated under control of system control software, and the instruction set which directs other parameters 

" of mixing of time amount and gas, chamber **, chamber temperature, microwave power level, 
SASUSEPUTA arrangement, and each process is contained. It is used in order that other computer 

- programs [ like ] may operate a processor 50, although other memory containing other computer program 
products inserted in a floppy disk, a disk drive, or other suitable drives memorized. System control software 
is stated to a detail in the bottom. A card rack contains a single-board computer, an analog and a digital 
input / output board, an interface board, and a stepper motor controller board. The various parts of CVD 
system 1 0 and a standard [ for Versa Modular European (VME) ] ones are suited, and specification of a 
board, a card cage, a connector dimension, and the type is carried out. A standard [ for VME ] ones is 
carrying out specification of the bus structure which has a 1 6-bit data bus and a 24-bit address bus again. 
[0036] The interface between a user and a processor 50 goes via CRT monitor73a and light pen 73b which 
are shown in drawing 2 which is the simple diagram of the system monitor shown as one of the chambers 
of a multi chamber system, and CVD system 10. As for CVD system 10, it is desirable to be attached in 
the mainframe unit 75 which it has including electric piping and other support functions of equipment 10. 
The instantiation example of CVD system 10 and the suiting concrete mainframe unit are California Santa 
Clara. From Applied Materials Precision 5000 (trademark) It reaches. Centura 5200 (trademark) Current 
marketing is carried out as a system. A multi chamber system has the capacity to move the wafer between 
chambers, without [ without it destroys a vacuum, and ] having to expose a wafer to moisture or other 
impurities in the exterior of a multi chamber system. The advantage of a multi chamber system is used for 
the purpose from which the chamber from which a multi chamber system's differs differs in all processes. 
For example, one chamber is used for deposition of an oxide, other things are used for rapid heat 
treatment, and another thing is used for oxide washing. A process can advance without interrupting the 
inside of a multi chamber system, and when moving a wafer among various separate chambers (it is not a 
multi chamber system) about the part from which a process differs, it prevents contamination of the wafer 
produced mostly. 

[0037] In a suitable example, two monitor 73a is used, one is attached in an operator's clean room wall, and 
another is attached behind the wall of a trained service personnel. Although both monitor 73a shows the 
same information as coincidence, one light pen is possible. Light pen 73a detects the light emitted with the 
CRT display with the photosensor at the tip of a pen. In order to select each screen or function, an 
operator touches the appointed area of a display screen and pushes a carbon button by pen 73b. The 
emphasized color is changed, or a new menu or a new screen is displayed, and the area which touched 
checks the communication link between a light pen and a display screen. In order to enable a user to 
communicate with a processor 50, the thing of light pen 73b for which it is alike or a keyboard, a mouse, 
other assignment, or other device ** like a communication link device are instead used in addition is a 
natural thing. 

[0038] Drawing 3 is the schematic diagram of CVD system 10 about the gas supply panel 80 located in a 
clean room. The gas mixture box 273 which has the input and conduit 47 from a chamber 1 5 and a supply 
line 43 with which CVD system 10 mentioned above has a heater 25, and the remote microwave plasma 
system 55 which has an input line 57 are contained. The gas mixture box 273 mentioned above is for 
minding the introductory tubing 43, and mixing and injecting deposition gas, a clean gas, or other gas into 
the processing chamber 1 5. The remote microwave plasma system 55 is found the integral and located 
under a chamber 1 5, and a conduit 47 goes up the side side of a chamber 1 5 to the gate valve 280 located 
on a chamber 15, and the gas mixture box 273 so that drawing 3 may see. Similarly, gas supply Rhine 43 
which goes up the side side of a chamber 1 5 to the gas mixture box 273 supplies reactant gas through 
Rhine 83 and 85 from the gas supply panel 80. Rhine to the gas or the liquid source of supply 90 containing 
the gas or the liquid which may change with request processes in which the gas supply panel 80 is used for 
each application is included. The gas supply panel 80 has mixed stock 93, and puts in the deposition 
process gas and carrier gas (or evaporation liquid) from a source of supply 90 for minding Rhine 85 to a 
supply line 43, and mixing and conveying to the gas mixture box 273. Usually, the shutoff valve 95 used in 
order that each supply line of process gas may stop the process gas style to Rhine [ 85 ] (i) or Rhine 57 
with automatic or hand control, and the massflow controller 100 which measures gas or a liquid style 
through the (ii) supply line are contained. When toxic gas (for example, ozone and a clean gas) is used for a 



process, some shutout bulbs 95 are arranged by the conventional arrangement in each gas supply Rhine. 
The rate by which the deposition gas and carrier gas which include phosphoric-acid triethyl (TEPO), boric- 
acid triethyl (TEB), and/or other sources of a dopant depending on a tetraethyl alt.silane (TEOS), helium 

^(helium), nitrogen (N2) f and the case are supplied to the gas mixture system 93 is controlled by the liquid or 
the gas-chromatography-mass-spectrometry flow controller (MFC) (not shown), and/or the bulb (not 

, shown). In a certain example, the liquid impregnation system which makes reaction component liquid [ like 
TEOS and TEPO ] whose gas mixture system 93 is evaporate is contained. According to those examples, 
the mixture which includes one or more sorts of sources of gas oxygen like TEOS and oxygen (02), or 
ozone (03) as TEPO and a source of silicon as a source of Lynn is generated by the gas mixture system 
93. All of TEPO and TEOS are the sources of a liquid, and they are evaporated by the conventional boiler 
mold or the bubbler mold hot box in other examples. Since a liquid impregnation system controls 
considerably the capacity of the reaction component liquid introduced into a gas mixture system, it is 
desirable. Next, after mixing with carrier gas like helium the gas made to evaporate by the gas mixture 
system, heating Rhine 85 is supplied. It stands to reason that it is recognized that other sources of supply 
of a dopant, silicon, and oxygen are used. 

[0039] Furthermore, a switching valve 95 is contained and the gas supply panel 80 is a clean gas under 
control of a processor 50 N2 Along with the process gas line 83, it can pass gas supply Rhine 43, or can 
convey to the remote microwave plasma system 55 alternatively along with the clean gas line 57. a 
processor 50 — a switching valve 95 — a clean gas — N2 when making it convey to the plasma system 55 
through an input line 57, in order to add microwave energy — PURAZUMARIMOTO from a chamber 15 — 
being generated — gas — in order to move to a conduit 47, a washing free radical arises. Other bulbs 96 
can be made to be able to convey a processor 50 to gas supply Rhine 43 through Rhine 83, and it can 
make deposition gas and carrier gas convey to gas supply Rhine 43 through heating Rhine 85 again from 
the gas mixture system 93. In other examples, a bulb 95 is connected with the output of only Rhine 97, and 
it is a clean gas and N2. It is made to pass alternatively to a switching valve 105 (not shown) through Rhine 
97. Since it is located in the point near an inlet port 57 and remote ** 55, the switching valve 105 in those 
examples is connected to Rhine 83 which reaches the inlet port 57 and inlet port 43 to the remote 
microwave system 55. in each example, a gate valve 280 is controlled by the processor 50 with the 
instruction from a system-software computer program — having — a clean gas — or it selects in the 
deposition gas which flows to a chamber 15. 

[0040] The microwave power source 110 and an ozonator 115 separate from the clean room in which the 
chamber 15 of equipment 10 is located, and are located. A power source 110 gives power to the magnetron 
of the remote plasma system 55. An ozonator 115 applies power to the oxygen (02) used as an input, and 
produces ozone (03) as an output useful as at least one of the sources of supply. In other examples, a 
power source 1 10 and an ozonator 1 15 can be located in a clean room rather than it is located in the 
distance. Furthermore, by the multi chamber system which needs two or more sources of ozone, and/or 
two or more remote microwave plasma systems 55, two or more ozonator 1 1 5 and two or more power 
sources 110 are established. 

[0041] The process which deposits the film, and performs clarification and performs a reflow or a drive-in 
step is carried out using the computer program product performed by the processor 50. The computer 
program code is written to 68000 assembly language, C, C++, a pascal, a FORTRAN, or conventional 
computer decipherment programming language like other language. A suitable program code is entered in a 
single file or a multi-file using the conventional text editor, and is memorized or recorded on a medium for 
computers like the memory system of a computer. When an entry codetext is high-level language, a code is 
compiled and the obtained compiler code is linked with the object code of the WIN douse library routine 
compiled beforehand next. In order to perform a link compile BUJIEKUTO code, a system user calls object 
code, and makes the code in memory load to a computer system, and the task which CUP read and 
performed the code and was in agreement with the program is performed. 

[0042] Drawin g 4 is the explanatory block diagram of the system control software by each example, and 
the hierarchy control structure of a computer program 1 50. A user answers and enters a process set 
number and a process chamber number in the menu or screen displayed on the process selector 
subroutine 1 53 by the CRT monitor using a light pen interface. The process set which is a predetermined 
process PATARA meter set required to perform the specified process is checked by the given definition 
set number. The process selector subroutine 153 identifies the desired process-parameter set needed for 



operating the process chamber which performs the process chamber of the (i) request, and the process of 
the (ii) request, the process parameter which performs each process is related with whenever [ plasma 

^conditions / like a process gas presentation and process conditions like the rate of flow, temperature, a 
pressure, and magnetron power level (or / and / replacing high frequency and low frequency RF power 
level about the example equipped with RF PURAZU system / — or it adds) /, cooling gas pressure, and 

■ chamber wall-temperature ]. The process selector subroutine 1 53 controls the class (deposition, wafer 
washing, chamber washing, chamber gettering, reflow INGU) of process performed by specific time amount 
within a chamber 1 5. In a certain example, it can consider as one or more process selector subroutines. A 
process parameter is shown to a user in the form of a recipe, and is filled in using a light pen / CRT 
monitor interface. 

[0043] The signal which carries out the monitor of the process is given on the analog input board and 
digital input board of a system controller, and the signal which controls a process is outputted on the 
analog output board and digital output board of the CVD system 10. 

[0044] The process sequencer subroutine 1 55 contains the program code which receives the process- 
parameter set from the identified process chamber and the process selector subroutine 1 53, and controls 
actuation of various process chambers. Since two or more users can fill in a process set number and a 
process chamber number or one user can fill in a multiple-processes set number and a process chamber 
number, the sequencer subroutine 1 55 is operated so that the schedule of the process selected in the 
desired array may be carried out. When the (i) chamber is used preferably, in order to determine the 
sequencer subroutine 155, the program code which performs the step which performs a request process 
based on the availability of the step which carries out the monitor of the actuation of a process chamber, 
the step which determines the process performed within the chamber (ii) Used, and (iii) a process chamber, 
and the class of process performed is contained. The conventional approach of carrying out the monitor of 
a process chamber like polling is used. When carrying out the schedule of the process which should be 
performed, the sequencer subroutine 1 55 is designed so that the current conditions of the process 
chamber used compared with the process conditions of a request of a selection process, the "age" of a 
request which each user filled in, or other suitable factors which wish to include that a system programmer 
determines a schedule priority may be taken into consideration. 

[0045] Once the sequencer subroutine 1 55 opts for what the combination of a process chamber and a 
process set tends to perform next, the sequencer subroutine 155 will start activation of a process set by 
moving to chamber manager subroutine 157 a-c which controls two or more processing tasks in the 
process chamber 15 according to the process set determined by the sequencer subroutine 155 in each 
process set parameter. For example, chamber manager 157a contains the program code which controls 
CVD within the process chamber 1 5, and washing process actuation. The chamber manager subroutine 1 57 
controls activation of the various chamber component subroutines which control actuation of a chamber 
component required again to carry out a selection process set. The examples of a chamber component 
subroutine are the substrate arrangement subroutine 160, the process gas control subroutine 163, the 
pressure-control subroutine 165, the heater control subroutine 167, the plasma-control subroutine 170, the 
terminal point detection control subroutine 1 59, and the gettering control subroutine 1 69. As for a certain 
example, only the subroutine of some [ examples / other ] is contained based on each arrangement of a 
CVD chamber, including the above-mentioned subroutine for all. This contractor recognizes easily that 
other chamber control subroutines are contained based on the process performed within the process 
chamber 15. or [ that chamber manager subroutine 157a carries out the schedule of the process 
component subroutine alternatively on actuation according to each process performed ] — or it calls. As 
for chamber manager subroutine 157a, the process chamber 15 and a process set carry out the schedule 
of the process component subroutine, as the sequencer subroutine 155 carries out the schedule of next 
performing. Typically, the step which starts activation of the chamber component subroutine which 
answers the step to which chamber manager subroutine 1 57a carries out the monitor of the various 
chamber components, the step which determines to need for a component operating based on the process 
parameter of the process set performed, a monitor step, and a decision step is contained. 
[0046] Here, actuation of each chamber component subroutine is indicated about drawing 4 . The substrate 
arrangement subroutine 160 contains the program code which controls the chamber component used in 
order to raise a substrate to desired height within a chamber 1 5 by the case in order to load a heater 25 
with a substrate, and to control spacing between a substrate and the gas distribution manifold 20. When 



the process chamber 15 is loaded with a substrate, a heater 25 falls in order to put in a substrate, next 
goes up in desired height. On actuation, the substrate arrangement subroutine 160 answers the process 
set parameter related to the height of the base material moved from chamber manager subroutine 157a f 
and controls movement of a heater 25. 

[0047] The process gas control subroutine 163 has the program code which controls a process gas 
"presentation and the rate of flow. The process gas control subroutine 163 controls open/closed position of 
a shutoff insurance bulb, inclines a massflow controller in a top/bottom, and obtains a desired gas flow 
rate. It appeals for the process gas control subroutine 163 by chamber manager subroutine 157a which is 
all chamber component subroutines, and it regains the subroutine process parameter related to the gas 
flow rate of the request from a chamber manager. Typically, the process gas control subroutine 163 opens 
gas supply Rhine wide, and operates by repeating comparing with the rate of flow of the request which 
reads a required massflow controller and which received (i) (ii) reading from chamber manager subroutine 
1 57a, and (iii) adjusting the rate of flow of required gas supply Rhine. Furthermore, when the step which 
carries out the monitor of the gas flow rate of the rate which is not safe for the process gas control 
subroutine 163, and the conditions which are not safe are detected, the step which activates a shutout 
insurance bulb is contained. The process gas control subroutine 1 63 controls a gas presentation and the 
rate of flow of a clean gas and deposition gas again based on the request processes (clarification or 
deposition) selected. The alternative-like example has the process gas control subroutine 613 exceeding 1, 
and each subroutine 613 controls each process type or each gas-line set. 

[0048] In a certain process, in order to stabilize the pressure in a chamber before reactant process gas is 
introduced, inert gas like nitrogen or an argon is slushed into a chamber 1 5. In the case of the process, the 
step which slushes time amount inert gas required for the process gas control subroutine 163 to stabilize 
the pressure in a chamber into a chamber 15 is contained, next the above-mentioned step is performed. 
Furthermore, when process gas is evaporated from a liquid precursor and TEOS, the process gas control 
subroutine 163 is written in so that the step which whips distributed gas like helium to a liquid precursor 
within a bubbler sialid, or the step which introduces carrier gas like helium into a liquid impregnation system 
may be included. When a bubbler is used for this kind of process, in order to obtain a desired process gas 
flow rate, the process gas control subroutine 163 adjusts the pressure and bubbler temperature in a 
distributed gas style and a bubbler. As mentioned above, a desired process gas flow rate is moved to the 
process gas control subroutine 1 63 as a process parameter. Furthermore, when the process gas control 
subroutine 163 accesses an are recording table including the need value of a fixed process gas flow rate, 
the distributed gas rate of flow required for a process gas flow rate, a desired bubbler pressure, and 
desired bubbler temperature are included. Once a need value is acquired, compared with a need value, the 
monitor of a distributed gas flow rate, a bubbler pressure, and the bubbler temperature will be carried out, 
and they will be adjusted according to it. 

[0049] The pressure-control subroutine 165 contains the program code which controls the pressure in a 
chamber 15 by adjusting the aperture size of the throttle valve of the exhaust air system of a chamber. 
The aperture size of a throttle valve is set up so that a chamber pressure may be controlled by request 
level about the size of all process gas flows and a process chamber, and the set point pressure of the 
pump of an exhaust air system. When appealing for the pressure-control subroutine 1 65, it is a request or 
target preassure force level is regained as a parameter from chamber manager subroutine 1 57a. The 
pressure-control subroutine 1 65 adjusts a throttle valve according to the PID value which measured the 
pressure in a chamber 15, acquired the PID (proportionality, integral, and differential) value corresponding 
to the target preassure force for the measuring pressure force from the accumulation pressure force table 
as compared with the target preassure force, and was acquired from the pressure table by [ which read 
pressure NANOMETA of one or more common use ] having connected with the chamber. Moreover, in 
order to adjust the pressure in a chamber 1 5 to request level, the pressure-control subroutine 1 65 is 
written in so that a throttle valve may be opened or closed in each aperture size. 

[0050] The heater control subroutine 167 contains the program code which controls the temperature of 
the heater element 473 used in order to carry out the heatproof of the heater 25 (and substrate). The 
heater control subroutine 167 for which it appeals by chamber manager subroutine 157a is desired target / 
set-point temperature PATAMETA, and Tdes as an input about drawing 5 . It regains (step 580). At step 
582, the heater control subroutine 1 67 measures the current temperature of a heater 25 by measuring the 
voltage output of a thermocouple located in a heater 25. Current temperature shows T (k) and k is the 



current time step of the heater control subroutine 167. A controller obtains temperature T (k) from a 
thermocouple electrical potential difference by computing temperature using the 4th polynomial in search 

^ of the correspondence temperature of an are recording conversion table. In a concrete example, the heater 
control subroutine 167 of step 584 computes a temperature error. The temperature error indicated to be 
Errtemp is searched for by formula Errtemp(k) =Tdes-T (k). 

T [0051] At step 584, the heater control subroutine 167 selects one of the two control algorithms based on 
the absolute value of Errtemp (k). When the absolute value of a temperature error is smaller than a 
predetermined boundary error, a heater control subroutine selects a temperature-control algorithm (steps 
586 and 588). The algorithm is request temperature and Tdes about temperature. It controls correctly. 
When the absolute value of a temperature error is larger than a boundary error, the heater control 
subroutine 167 selects a temperature lamp control algorithm (step 590). For the algorithm, heater 
temperature is request temperature and Tdes. The rate which approaches is controlled. That is, the rate 
from which temperature changes is controlled. 

[0052] A temperature-control algorithm (steps 586 and 588) is Tdes as much as possible. In order to make 
new power supplied to the heater element embedded at the heater 25 so that near current temperature 
and T (k) may be maintained, feedback and feedforward control are used. The feedforward control in the 
algorithm calculates electric energy required to maintain the request temperature which gives the amount 
and class of the gas flow supplied to the chamber, and RF power. In order to adjust the feedforward who 
computed based on the dynamic behavior of the temperature error Errtemp (k), a standard proportionality- 
integral-differential (PID) contrast term is used for feedback control. PID contrast is an algorithm of a 
class used by the conventional heater control system which is not related to the value of a temperature 
error. In asking for those routines controlling a temperature ramp rate, Tdes (k) from which time amount 
differs is defined, and it pursues the temperature trajectory of the request using the above-mentioned PID 
controller. 

[0053] When the absolute value of a temperature error is larger than a boundary error, in order to control 
the power to a heater 25 by this invention, it is desirable to use a temperature lamp control algorithm (step 
590). The algorithm controls T (k) which is the change rate of the temperature in time step k. Since the 
heater 25 is made of the ceramic ingredient, when a temperature-change rate must be controlled and 
temperature changes too much quickly, it may destroy from a heat shock. In order to control T' (k) to a 
predetermined request ramp rate function and Tdes (T), feedforward and proportionality feedback contrast 
are used for a lamp control algorithm. A desired ramp rate is mainly the temperature function of a heater, 
and is based on the heat shock resistance of the heater 25 in various temperature. Therefore, a desired 
ramp rate can change continuously based on the present measurement temperature of a heater, and may 
be uniformly set as avoiding a heat shock within the limits of the temperature of each process based on 
the minimum rate low enough. In order to weaken a system response, the saturation function about the 
power change rate supplied to a heater is used for a contrast algorithm. 

[0054] The controller which tries to adjust a ramp rate is request temperature and Tdes by pursuing time 
limit temperature flight in the best condition. (K) only guarantees being attained by the time amount K with 
the future, the average ramp rate covering the time amount of die-length K — Tdes it is . However, the 
moment change rates of temperature T (k) differ widely at the spacing. Please take into consideration a 
certain active jamming which keeps temperature stable under at intervals of K. Next, a controller is desired 
flight Tdes. What "is caught up" as much as possible with (k) is tried. The ramp rate of the time amount 
with which a controller catches up is Tdes. It becomes large. Heat shock destruction arises with the 
scenario. By controlling a direct ramp rate, this invention avoids the potential scenario. 
[0055] A concrete lamp control algorithm is described here about drawing 5 . Request temperature and 
Tdes After inputting (step 580), current temperature T (k) is measured (step 582), a temperature error is 
searched for (step 584), and a lamp control algorithm computes actual ramp rate T (k) using numerical 
differentiation. Moreover, it asks for request ramp rate Tdes and (T (k)) error Errrrate =Tdes-(T (k)) T[ of 
a ramp rate ]' (k) based on the current value of T (k) (steps 592 and 594). Actual ramp rate T (k) is 
computed from measurement temperature T (k) covering the range of a thermometry sample. Usually, 
Tdes (T (k)) can be the continuous function of temperature in various examples. In each example, Tdes (T 
(k)) is set up so that it may be predetermined constant value. Calculation ramp rate T (k) is called for by 
what temperature is taken for at a predetermined sample rate (it sets in each example and they are 10 
times of new power time amount, and 1 second for example) (that is, it measures). Next, the average of ten 



samples is computed and it compares with the average of ten front samples. Next, the difference between 
the first 10 measurement temperature and front 10 measurement temperature is broken by new power 

.Jiime amount, and average measurement temperature is acquired. Next, the differential of average 
measurement temperature is computed and calculation ramp rate T (k) is reached. Next, ramp rate error 
ErrRRate It asks by taking the difference between constant value Tdes (T (k)) in each example, and 

¥ calculation ramp rate T (k). Although the above-mentioned example is an example of the numerical 
differentiation used, other technique complicated more is used in other examples. Other sample rates are 
used in other examples. 

[0056] In order to describe step 596 in detail, the concrete control function used for each example is 
shown by the degree type. 

[0057] P(k+1) = Pmodel [T (k), Tdes] (T (k)) +K p * Among a [T des-(T (k)) T (k)] type, k is a current time 
step and k+1 is the following time step. P (k+1) is power supplied to a heater by the following time step. It 
sets to T (k) and Pmodel which is the function of a request ramp rate and measurement temperature is 
Tdes (it is model approximate value required to give the ramp rate of T (k).). [T (k), Tdes] (T (k)) Kp A 
user gives a definition and it is the ramp rate error ErrRRate. It is the control gain constant (wattAdegree 
C/second)) by which it multiplies. It sets in each example and is Pmodel. [T (k), Tdes] (T (k)) P (k) can be 
resembled. The approximation is being able to say especially about a slow system like the large resistance 
heater of the heating value of this invention. Next, a control function is approximated by the degree type. 
[0058] 

P(k+1) = P (k) +Kp * [T des-(T (k)) T(k)] P(k+1)-P (k) = Kp * Since the response of a [T des-(T (k)) 
T (k)] heater is slow A gap is between the time amount to which power is adjusted, and the time amount 
which produces the result of a request of adjustment. For example, when the temperature of a heater is 
stable and a desired ramp rate is forward, control makes the power to a heater increase. However, 
temperature does not go up immediately according to a request ramp rate. Next, control makes power 
increase by the time step. Making power increase is continued until a request ramp rate is filled. However, 
a supply voltage becomes very larger than the power needed for maintaining a request ramp rate by the 
time amount. A ramp rate continues increasing exceeding a request value. It calls overshoot. A controller 
reacts by reducing power and a ramp rate falls gradually. Since a controller acts again more quickly than a 
heater, power is reduced too much and a ramp rate falls exceeding a request value. It is the amplitude. 
Extent of the amplitude decreases as time amount is formed, and a ramp rate reaches a fixed stationary 
value. All real systems have a small stationary error, in order to receive small active jamming. 
[0059] Kp A value determines the magnitude of overshoot and a stationary error. Kp When large, a 
stationary error is small although the amplitude of the system is carried out. Kp The contrary can be said 
when small. Typically, it is Kp. Since it is used in order that derivative control may weaken the response of 
a system (i.e., in order to decrease overshoot and the amplitude), it can enlarge. Although a stationary 
error decreases by using integral control, it is made into the inclination which raises overshoot and the 
amplitude by this, and is preferably avoided with the control algorithm. In that case, derivative control 
cannot be used. It is required to calculate the 2nd differential of temperature numerically. Since the SN 
ratio of a thermocouple signal is small, the 2nd differential is not computed by trusting it. Therefore, this 
invention is Kp big in order to decrease a stationary error and a saturation function instead of the 
derivative control which weakens the response of a system. It uses. A saturation function is Kp. A ramp 
rate error and ErrRRate It is Gain Kp so that in inverse proportion. A schedule is carried out effectively. 
Effective gain is small, when an error is large and overshoot arises in the transient part of a system 
response, in a steady state, since an error is small, it is effective — Kp It is large. 
[0060] The concrete saturation function used in order to weaken a system response is shown by the 
following equality (step 598). P (k+1) means the power defined by the controlling expression shown in the 
top about those equality. P1 (k+1) is the actual power supplied to the heater. P'max It is a predetermined 
maximum-permissible change of the supply voltage from one time step to a degree. The concrete 
saturation function is as follows. 

[0061] | P(k+1)-P(k) | > P'max If it becomes P(k+1) > In the case of P (k) P1 (k+1) = Reach P(k)-P'max. P 
(k+1) < — case of P (k) P1 (k+1) = P(k)-P' max — or — P1 (k+1) = P (k+1) — the new vocabulary Kpeff 
(k) is defined as the effective gain of the controller in time step k here. P1(k+1) =P If it becomes (k+1), the 
effective gain of time amount k will be Gain Kp. It is equal. However, when a saturation function is applied, 
it defines by transposing P1 (k+1) of the above-mentioned formula to P (k+1), and combining with a degree 



type. 

P(k+1) = Pmodel [T (k), Tdes] (T (k)) +K p * The [T des-(T (k)) T (k)] vocabulary Kpeff (k) is as follows. 

[0062] P'max = Kpeff (k) * Err RRate (K);K peff(k) = P'max/ErrRRate When (K) ramp rate error is large, by 
' making effective gain small, the amplitude of overshoot and a response is made into min with the saturation 

function. Thereby, the damage accuracy over a heater decreases from bad ramp rate control. Therefore, 
_ the lamp control algorithm of the heater control subroutine 167 weakens the response of a system in case 

a big ramp rate error arises, and produces efficient temperature control. 

[0063] The plasma-control subroutine 170 contains the program code which sets up magnetron power level 
and the mode (CW or pulse). In the alternative-like example which has RF plasma system, the program 
code which the plasma-control subroutine 1 70 sets up low and high frequency RF power level which were 
impressed to the process electrode in a chamber 1 5, and sets up a use low frequency RF frequency is 
contained. It stands to reason that it has other plasma-control subroutines 1 70 by which a certain example 
is used for one plasma-control subroutine 170 used for microwave power level, and RF power level. It 
appeals for a chamber component subroutine and the plasma-control subroutine 1 70 by the chamber 
manager subroutine 1 57 as mentioned above. 

[0064] The plasma-control subroutine 1 70 contains the program code which sets up and adjusts magnetron 
power level and the mode (CW or pulse). In the alternative-like example which has RF plasma system, the 
program code which the plasma-control subroutine 170 sets up low and high frequency RF power level 
which were impressed to the process electrode in a chamber 1 5, and sets up a use low frequency RF 
frequency is contained. It stands to reason that it has other plasma-control subroutines 170 by which a 
certain example is used for one plasma-control subroutine 1 70 used for microwave power level, and RF 
power level. Like the above-mentioned chamber component subroutine, it appeals for the plasma-control 
subroutine 170 by chamber manager subroutine 157a. In the example which has a gate valve 280, as for the 
plasma-control subroutine 1 70, the program code of closing motion of a setup/adjustment of microwave 
power level of the adjustment SURUGETO bulb 280 is contained. Moreover, the system software can have 
a separate gate valve control subroutine in the example which has a gate valve 280. 
[0065] In case the flag which the terminal point detection subroutine 1 59 controls the light source and a 
photodetector, regains the data from a useful photodetector although change of the intensity of light from 
an absorbance is compared, detects predetermined intensity of light level depending on the case, or shows 
the terminal point of a washing process is raised, the program code treating the terminal point detection by 
stopping a washing process is contained. It appeals for the terminal point detection control subroutine 159 
by chamber manager subroutine 157a again. The terminal point detection control subroutine 159 is 
contained in the example which uses the following terminal point detection system. It is recognized that the 
example without a terminal point detection system does not need to use or install the terminal point 
detection control subroutine 159. 

[0066] The gettering control subroutine 169 for which it appeals by chamber manager subroutine 157a 
depending on the case is contained. The program code which controls the gettering process in which the 
gettering control subroutine 1 69 is used for chamber seasoning, post-clarification fluorine gettering, etc. is 
contained. In a certain example, the gettering control subroutine 169 can appeal for the assignment 
software accumulated in the clean recipe, in order to promote gettering control combining a use clean 
recipe. 

[0067] The explanation of a CVD system shown above is mainly a thing for general explanation, and should 
not be regarded as what limits the range of this invention. The concrete CVD system 1 0 is a single-wafer- 
processing vacuum chamber system however, other CVD systems which are multi-wafer chamber systems 
are used in other embodiments of this invention. However, although the description of this invention of a 
certain kind is illustrated and indicated as a part of CVD chamber in a multi chamber processor, it should 
be understood that this invention is not necessarily what is limited to the approach. That is, this invention 
is various processing chamber ************, such as an etching chamber and a diffusion chamber. 
Arrangement of the each algorithm, gas installation Rhine, and the bulb which are used for the location of 
change of a design, a heater design, and RF power connection part, software actuation and structure, and a 
software subroutine, and modification of the above-mentioned system like other corrections are also 
possible. Furthermore, other plasma-CVD equipments, such as a electron cyclotron resonance (ECR) 
plasma-CVD device and an inductive-coupling mold high density plasma-CVD device, are used. The 
approach of forming a useful dielectric layer and its layer in this invention should not necessarily be limited 



to specific equipment or the specific specific plasma exciting method 

[0068] As shown in drawing 6 and drawing 7 , the enclosure assembly 200 which has the heater (a wafer 
support pedestal or SASUSEPUTA) 25 which usually carries out movable [ of CVD system 10 ] to the 

* length which supports a semi-conductor wafer within the vacuum chamber 15 is included. Process gas is 
sent to a chamber 1 5, in order to perform various deposition and an etching step on a wafer. The gas 

_ distributive system 205 ( drawing 6 - drawing 12 ) distributes process gas on a wafer from the source 90 
( drawing 3 ) of gas supply, and the exhaust air system 210 ( drawin g 6 - drawin g 8 ) discharges process 
gas and other residues from a chamber 15. The heater / lift assembly 30 ( drawin g 1 , drawing 1 6 -23) 
containing the heater 25 which a CVD system heats a wafer further and raises a wafer upward to the 
processing location in a chamber 1 5 are included. The perfect remote microwave process system 55 
( drawing 1 and drawing 24 ) is installed in periodical chamber washing, wafer washing, or CVD system 10 
for deposition steps. 

[0069] As shown in drawing 6 , in order that CVD system 10 may cool those components during high 
temperature processing, the liquid cooling system 215 which sends a cooling agent to the various 
components of a chamber 15 is contained. In order to make into min the deposition which is not on those 
components ******** for an elevated-temperature process, the liquid cooling system 215 acts so that the 
temperature of those chamber components may be lowered. The cooling agent manifold (not shown) which 
sends one pair of water connection parts 217 and 219 and the cooling agent with which the liquid cooling 
system 215 supplies cooling water through a heater / lift assembly 30 to the gas distributive system 205 
(after-mentioned) is contained. The stream detector 220 detects the stream from the heat exchange 
object (not shown) to the enclosure assembly 200. The suitable embodiment of each system of equipment 
10 is explained in full detail below. 

[0070] A. It is desirable that it is perfect housing built with a process compatibility ingredient [ like 
aluminum or anodization aluminum about enclosure assembly drawing 6 and drawing 10 -12 ] whose 
enclosure assembly 200 is. The external lid assembly 225 with which the enclosure assembly 200 sends 
process gas and a clean gas to the internal lid assembly 230 in an assembly 200 through the introductory 
tubing 43 is included. The internal lid assembly 230 functions as making the chamber 1 5 whole on the wafer 
(not shown) supported by the heater 25 distribute gas. As shown in drawing 6 , the lid covering 233 is 
approaching the component of the upper part of the enclosure assembly 200 (namely, external lid assembly 
32), and protects an operator from exposure of the elevated temperature in a system operation. About a 
SACVD process, the clipping 235 which the clearance between the lid clamps 237 makes, as for covering 
233, perform the gas of a chamber 1 6 to a sound condition is included. If the lid covering 233 is wide 
opened in order that a chamber may perform for example, preventive maintenance chamber washing, it 
destroys a vacuum and does not raise a chamber to atmospheric pressure, it is usually closed at almost all 
the process step. The locking ratchet mechanism 241 is included so that it may prevent the lid hinge 239 
closing lid covering and falling. 

[0071] As shown in drawing 6 , a vacuum lock door (not shown) and the slit bulb opening 243 are contained, 
a wafer loading assembly (not shown) conveys Wafer W to the process chamber 1 6, and, as for the 
enclosure assembly 200, Wafer W is put on a heater 25. As for a wafer loading assembly, it is desirable that 
it is the conventional robot device arranged in the migration chamber (not shown) of a multi chamber 
processor. The suitable robot migration assembly shall be indicated by U.S. Pat. No. 4,951,601 by which 
joint transfer of the Maydan was carried out, and the publication of the specification shall be included in 
this application specification. 

[0072] The wall 245 of the enclosure assembly 200 around a chamber 15 is covered about drawing 7 , 
drawing 8 , drawing 1 3 , and drawing 14 at the chamber liner 250 currently laid on the shelf 252 of the 
enclosure assembly 200. The chamber liner 250 works so that process gas may be prevented from flowing 
at the rear face of a wafer. Furthermore, since the diameter is smaller than the enclosure assembly 200, as 
for a heater 25, a liner 250 prevents the process gas style to the part under a chamber 15 under a heater 
25. Therefore, the deposition in the bottom of a heater 25 and the part under a chamber 15 which is not 
desired becomes the minimum. Furthermore, in order to prevent cooling of a wafer edge by high 
temperature processing, the heat insulation of between the edges of the aluminum wall of the enclosure 
assembly 200 and the wafer on a heater 25 is carried out. A liner 250 prevents too much heat loss from 
the hot edge (for example, 550 degrees C - 600 degrees C) of the wafer on a heater 25 to the chamber 
wall (for example, about 60 degrees C) of a cold perimeter during high temperature processing. When there 



is no liner 250, a heating operation of the edge of a wafer carries out a bad influence to the homogeneity of 
the temperature in a wafer, the deposition which is not uniform is imitated, and it is **. As for a liner 250, it 
is desirable to include the interior 253 built with the process compatibility ingredient which fits enough an 
elevated-temperature process (for example, higher than about 500 degrees C). Preferably, the interior 253 
of a liner 250 is an ingredient with a desirable alumina including ceramic ingredients, such as alumimium 
nitride and an alumina. The thickness of the interior 253 is usually about 5mm - 8mm (about 0.2 inches - 
0.3 inches) preferably about 3mm - 25mm (about 0.1 inches - 1 inch). 

[0073] As for a liner 250, it is more desirable than a ceramic like aluminum to include the exterior 255 
which contains the low ingredient of susceptibility in decomposition. The exterior 255 is laid on the shelf 
252 of an enclosure assembly, and contains the annular lid 254 which supports the interior 253 of a liner 
250. Especially in a suitable example, the standard by which the exterior 255 was ****(ed) around the 
plurality which forms the internal air gap 259 shown in drawing 13 and drawing 1 4 is contained. An air gap 
259 makes the insulation inside [ 253 ] a liner 250 easy from an external chamber wall, and raises the 
homogeneity of wafer temperature (the rim of a wafer faces [ it is cooled for whenever / surrounding 
chamber wall-temperature /, and ] a heater and wafer temperature and is low). Furthermore, since an air 
gap 259 gives thickness to a liner 250, it can close the gap between a chamber outer wall and a heater 25, 
and it makes the minimum the decomposition or other heat damage which are produced at the thick liner 
250. The thickness of the exterior 255 of a liner 250 is usually about 23mm - 28mm (about 0.9 inches -1.1 
inches) preferably about 13mm - 51mm (about 0.5 inches - 2 inches), and the thickness of an air gap is 
usually about 15mm - 23mm (about 0.6 inches - 0.9 inches) preferably about 5mm - 38mm (about 0.2 
inches - 1.5 inches). The annular covering 261 is arranged on the top face of the external liner 255, and 
forms the low wall of the pump channel 40 (after-mentioned). As for the annular covering 262, it is 
desirable that a ceramic ingredient like an aluminum oxide or alumimium nitride is included, and it protects 
the aluminum exterior 255 of a liner 250 from the heat in process gas and the pump channel 40. 
[0074] In the alternative-like example (not shown), it is only that a liner 250 includes the annular covering 
261 which forms the bottom of the internal ceramic part 255 currently laid in the shelf 252 of an enclosure 
assembly, and the pump channel 40. In the example, the exterior 255 is replaced by the air gap between the 
walls of the ceramic part 255 and an enclosure assembly (not shown). An air gap insulates an elevated- 
temperature wafer from the cooling wall of an enclosure assembly, and in order to close the gap between a 
chamber wall and a heater 25, it gives thickness to a liner 250. 

[0075] B. The gate valve 280 which distributes alternatively the gas mixture box 273 where the external lid 
assembly 225 minds the introductory tubing 43, and mixes and pours in the clean gas manifold 270, process 
gas, and washing gas which usually contain a lid or a base plate 265, a cooling agent manifold (not shown), 
and a conduit 47 to the process chamber 1 5 and washing, and/or process gas to the gas mixture box 273 
is contained about gas distributive system drawing 6 and drawing 10 -12. A gate valve 280 is arbitrary and 
it is that it is [ that he must be understood clearly ] natural to be changed so that the external lid assembly 
225 may be alternatively distributed in washing and/or process gas, without having a gate valve to a box 
273. As shown in drawing 8 , as for the gas mixture box 273, the clean gas manifold 277, and a gate valve 
280, it is desirable for it to be stopped by the top face of a base plate 265, for example, to be shut on it 
with a bolt. The 1 st and 2nd gas passagewaies 83 and 85 are attached in the exterior of a plate 265, and 
are extended to the gas mixture box 273. Before sending gas passagewaies 83 and 85 to the internal lid 
assembly 230 respectively through the inlet port connected suitable for sources of gas supply (refer to 
drawing 3 ), such as ozone, TEOS, TEPO, helium, nitrogen, and a clean gas, and the introductory tubing 43, 
they have the outlet (not shown) which leads to the mixing zone 93 in the box 273 which mixes gas. 
[0076] Including the gas feed-through box (not shown) in which the gas passagewaies 83 and 85 which 
make it possible to impress high-voltage RF power to a gas box, without CVD system's 1 0 not carrying out 
gas decomposition, and carrying out gas deposition by gas distributive system about plasma treatment are 
held should mind. The publication of a concrete gas feed box shall be looked at by U.S. Pat. No. 4,872,947 
of Wang, and the publication of the specification shall be included in this application specification. 
[0077] As shown in drawing 10 , the conduit 47 which the clean gas manifold 70 puts in gas from an inlet 
port 290, and sends the gas to the gas mixture box 273 through a fluid channel 293 is contained, or [ that a 
gate valve 280 makes it possible alternatively to pass a conduit to the gas mixture box 273 ] — or the bulb 
plug (not shown) fixed in the path 293 to prevent is contained. Hand control of the gate valve 280 is carried 
out by the actuation handle 281, or a gate valve 280 is controlled by the processor 50. During washing 



(after-mentioned), a gate valve 280 is arranged so that the clean gas from the plasma system 55 may be 
.passed to a box 273, it is sent to a chamber 15 through the introductory tubing 43, and etches the wafer of 
- equipment 10 or a chamber wall, and other components. 
[0078] As shown in drawing 7 . the clean gas manifold 270 is integrated with and built by the part on the 
enclosure assembly 200 of equipment 10, and a conduit 47 has suitable deflection or a suitable curve 
toward a side face from the upper part of a chamber 1 5. The conduit 47 of a manifold 270 has opening to 
the path integrated with and formed in the side attachment wall of the enclosure assembly 200 of 
equipment 10, and is heated for the elevated temperature which a heater 25 operates. The path is 
equipped with the internal liner 291, and it commits it so that the inside of the path in the enclosure 
assembly 200 may be protected from the corrosion from a clean gas free radical and etching which enter 
from the applicator tubing 292. A liner 291 prevents association of the free radical in a clean gas. A clean 
gas is introduced from an inlet port 57 to the applicator tubing 292. A free radical is generated from the 
clean gas in the applicator tubing 292 by the microwave energy emitted from the magnetron of the plasma 
system 55 with advantageous it being in the direction under the chamber 1 5 in the enclosure assembly 200. 
The location of the system 55 under equipment 10 makes easy check of the chambers 15, such as 
preventive maintenance washing and repair. Since the remote microwave plasma system 55 especially 
attached in the bottom is not located on the lid of equipment 10, in order to perform preventive 
maintenance washing, disconnection of the lid of equipment 10 is performed easily. The microwave plasma 
system 55 is stated to a detail in the bottom. As shown in drawing 7 and drawing 8 , as for the introductory 
tubing 43, it is desirable that the annular external path 297 leading to the path 293 which sends to a 
chamber the aisleway 295 and washing gas which send process gas to a chamber 15 is included. 
[0079] the top face or the cooling agent manifold boiled and stopped of a base plate 265 puts in the water 
from a heat exchanger, or cooling agent liquid like a glycol / water mixed liquor. It is distributed through the 
annular cooling agent channel 93 ( drawin g 8 and drawing 9 ) in a base plate 265 from a cooling agent 
manifold, and a cooling agent is remote **** (stated to a detail in the bottom) reflux-wise and in electric 
conduction about the heat from the plate 265 under processing, and the component of the internal lid 
assembly 230. 

[0080] As shown in drawing 6 and drawing 9 , the blocker or the gas distribution plate 301 and the shower 
head, or the gas distribution plate 20 with which the internal lid assembly 230 usually distributes a base 
plate 265, process gas, and a clean gas to a chamber 15 is contained. As for plates 301 and 20, it is 
desirable to be formed from the process compatibility ingredient which can bear an elevated-temperature 
process. For example, plates 301 and 20 can contain a metal like a ceramic ingredient like an aluminum 
oxide or alumimium nitride (AIN), aluminum, or anodic oxidation aluminum. Preferably, plates 301 and 20 
contain a metal like aluminum or anodic oxidation aluminum, in order to make the gas deposition on the 
front face of plates 301 and 20 into the minimum. In the gas distribution plate 301, especially in a suitable 
example, the gas distribution plate 20 contains aluminum including anodic oxidation aluminum. Gas 
distribution and the gas distribution plates 301 and 20 are respectively stopped directly by the field under a 
base plate 265. Preferably, gas distribution and the distributed plate 20,301 are attached with the set 
screws 303 and 305 which have two or more screw threads in the field under a base plate 265 respectively. 
Set screws 303 and 305 give contact of the surface pair front face where it became brave between each 
contact surfaces and the base plates 265 of gas distribution and the distributed plates 20 and 301 
comparatively, and make easy conductive heat exchange in the meantime (stated to a detail in the bottom), 
set screws 303 and 305 — nickel and Hasteloy (trademark) Haynes (trademark) etc. — it contains. 
[0081] In order that the gas distribution plate 20 may engage the contact surface of a plate 20, and the 
field under a base plate 265 about drawing 8 and drawing 9 , it is the plate 31 1 even on a real target with 
the external flange 313 which has two or more holes 315 into which a set screw 305 is put. The annular 
external mating standoff 316 which forms a chamber 317 (refer to drawing 8 ) between two plates which a 
base plate 265 **** the gas distribution plate 20 from the inferior surface of tongue of 265, and distribute 
process gas to homogeneity to a semi-conductor wafer through two or more gas distribution holes 315 is 
contained. Moreover, the gas distribution plate 20 can contain the pan form device (not shown) which has 
the cavity arranged in the center formed by the side attachment wall and the bottom wall. 
[0082] The size of the gas distribution hole 315 and arrangement change with descriptions of a process. 
For example, a hole 315 is ****(ed) by homogeneity so that gas may be distributed to a wafer at 
homogeneity. On the other hand, depending on the case, a hole 315 is ****(ed) and arranged at an 



ununiformity. The range of the diameter of a hole 315 is 0.2mm - 1.3mm (about 10 mil - 50mil) preferably 
0.1mm - 2.5mm (about 5 mil - 100mil). Preferably, the gas distribution hole 315 is designed so that the 
- homogeneity of the deposition on a semi-conductor wafer may be promoted. In order to avoid formation of 
a deposit to a field manifold outside (below), a hole (and the above-mentioned manifold temperature) is 
designed so that deposition of the soft deposit on the front face from which it may come off and fall on a 
wafer during processing and after processing especially may be prevented. In a concrete example, the array 
of a hole is one of the holes 315 of the ring of a concentric circle mostly. The distance between contiguity 
rings (spacing of ******) is almost equal, and is almost equal. [ of spacing of each endocyclic ****** ] 
Perfect explanation of arrangement suitable for a gas distribution hole It shall be indicated by U.S. Pat. No. 
4,872,947 of Wang by which joint transfer was carried out, and the publication of the specification of the 
patent shall be included in this application specification. 

[0083] The gas distribution plate 301 is the almost circular disk 321 containing two or more gas distribution 
holes 325 which distribute gas to the chamber 317 formed between the external mating standoff 316 and 
the gas distribution plate 20. As for a base plate 265, it is desirable that 2nd interior stone DOOFU 318 
which distributes the gas which passes a base plate 265 to the chamber 320 (refer to drawing 8 ) which 
****(ed) the distributed plate 301 from the base plate 265, and was formed between the mating standoff 
318 and the plate 301 is included. Moreover, the gas distribution plate 301 can form the groove (not shown) 
which forms a chamber 320 rather from a mating standoff 318. The diameter of the distributed hole 325 is 
usually about 0.02mm - 0.04mm. The distributed plate's 301 being contained in the suitable example of this 
invention is naturally recognized by this contractor. However, in other examples, process gas is directly 
passed from a base plate 265 to the chamber 317 of the gas distribution plate 20. 
[0084] As shown in drawing 8 and drawing 9 , a base plate 265 is really which functions as attaching 
process gas in the gas distribution plate 301, and attaching delivery and all the internal lid assemblies 230 
in the body unit of a processing chamber a shaping integral element. In RF plasma process, the isolator (not 
shown) which the internal lid assembly 230 carries out electric insulation of the chamber lid from touch- 
down, and separates a chamber from RF gas box (not shown) is contained. The useful concrete lid 
assembly shall be indicated by U.S. Pat. No. 4,872,947 of Wang in RF plasma process, and the publication of 
the specification shall be included in this application specification. 

[0085] As shown in drawing 15 , a base plate 265 has the front face 321 of the bottom which forms the 
annular pump channel 40 which exhausts deposition gas (stated to a detail in the bottom). As shown in 
drawing 8 and drawing 9 , a base plate 265 forms the central hole 327 which leads to the introductory 
tubing 43 into which the mixed process gas from the mixed gas box 273 is put. The hole 327 leads to the 
groove 311 of the gas distribution plate 301 with which even a hole 315 makes plate 301 both ends 
distribute gas again. A base plate 265 forms the cooling agent path 93 which has the inlet port 331 further 
connected [ part / of a plate 265 / the ] with the cooling system 215 cooled by reflux through the part of a 
plate 215 in cooling agent liquid, and an outlet 333. Preferably, a cooling agent path is formed in some base 
plates 265 comparatively near set screws 303 and 305. Thereby, conductive cooling becomes easy through 
the contact surface of distribution and the distribution plates 301 and 20, and the front face 326 under a 
base plate 265. Detailed explanation of the concrete design about the cooling agent path 93 is the 
application number 08th under coincidence connection for which it applied on April 16, 1996 and by which 
joint transfer was carried out / No. 631,902. (surrogate reference number No. 1034) And U.S. Pat. No. 
4,872,947 by which joint transfer of the Wang was carried out shall see, and the publication of these 
specifications shall be included in this application specification. 

[0086] A base plate 265 forms the annular groove 343 which attaches the central hole 327 arranged at the 
groove 343 stopped by the base plate 265 on the cooling agent path 93, and the annular cap 345 about 
drawing 9 . Preferably, the annular cap 345 is welded to the top face of a base plate 265 so that it may seal 
firmly on a path 93, and it prevents exsorption of the cooling agent from a path 93 effectively. By this 
arrangement, a path 93 is formed in near relatively [ plate / 20,301 / gas distribution and / distributed ]. 
Furthermore, by forming a groove in the top face of a base plate 265, a path 93 is built and the cost and 
complexity of a manufacture plate decrease. 

[0087] The alternative-like example of internal lid assembly 230* is described here about drawing 1 1 and 
drawing 1 2 . The gas distribution plate 301 and the gas distribution plate 20 with which lid assembly 230' 
distributes a base plate 265, process gas, and a clean gas to a chamber 15 are contained like a front 
example. Furthermore, in order that a base plate 265 may cool other components of a base plate 265 and 



lid assembly 230\ the annular cooling agent channel 500 which puts in cooling agent liquid like water is 
contained. In this example, the annular fluid channel 502 to which the base plate 265 is extended around 
-the central hole 295 on the gas distribution plate 301 for which the part and heat of a base plate 265 are 
exchanged immediately on gas distribution and the gas distribution holes 325 and 351 is contained further. 
[0088] Two or more bypass paths 510 where internal lid assembly 230* is extended from the chamber 
between a base plate 265 and the gas distribution plate 301 to the vacuum 15 are included. The bypass 
path 510 has the resistance smaller than gas distribution and the gas distribution holes 325 and 315 to a 
fluid flow. Therefore, the gas of most which flows to a chamber 320 passes through the bypass path 520 to 
the direct vacuum chamber 15. In a concrete example, it is desirable that the bypass path 510 is ****(ed) 
around a base plate 265 in order to send gas to a chamber 15 at homogeneity ( drawing 1 1 ). It sets to 
suitable use of this example, and is NF3. Washing gas [ like ] passes respectively a chamber 320, gas 
distribution, and the gas distribution holes 325 and 315. Furthermore, a part of washing gas passes through 
the bypass path 510 to the direct chamber 15, and it makes easy supply to the chamber 15 of washing gas. 
As for vacuum evaporationo equipment 1 0, in this example, it is desirable to include a control system like 
the bulb connected with the controller (not shown) which prevents that gas passes through the bypass 
path 510 (or at least inhibition). For example, for process gas to pass gas distribution and the gas 
distribution holes 325 and 315, and to distribute to homogeneity on a wafer typically, during processing, is 
wished. Therefore, a bulb is shut in order to prevent from process gas passing through the bypass path 
510. When a chamber is washed, a bulb opens and a part of washing gas [ at least ] is quickly sent to a 
chamber. Thereby, the rate and effectiveness of a washing process increase and the down-time of 
equipment 10 is shortened. It also stands to reason that it is recognized that process gas is sent through 
the bypass path 510 depending on the case. 

[0089] C. in order that the pump (not shown) arranged to the exterior of CVD system 10 may pour the 
both sides of the residue in process gas and a purge gas list through the annular pump channel 40 about 
the exhaust air pedigree table 6 - drawing 8 from a chamber 15 — reduced pressure — giving — emission 
— emit from equipment 10 along with a conduit 60. As shown in drawing 1 5 , deposition gas and a clean 
gas are exhausted by the radial on Wafer W (shown by the arrow head 351) through the annular slot form 
orifice 355 around a chamber 1 5 to the pump channel 40. As for the annular slot form orifice 355 and a 
channel 40, it is desirable to be formed by the gap between the upper part (to refer to drawing 7 and 
drawing 8 including the interior 253 of the chamber liner 250) of the cylindrical side attachment wall 1 7 of a 
chamber and the pars basilaris ossis occipitalis of a base plate 265. the pump channel 40 to gas — the 
perimeter of a channel 40 — and the emission which passes over the vacuum shutoff valve 363 (being 
accumulated with a lower chamber body is desirable as for the body) through the gas passageway 361 
extended toward the bottom, and is connected to an external vacuum pump (not shown) — ■ it flows to a 
conduit 60. 

[0090] Moreover, the separate pump plate (not shown) which has two or more gas eyes by which CVD 
system 10 leads to the process chamber 15 and the pump channel 40 directly is contained. In this example, 
a gas eye is ****(ed) around opening of the center of a chamber, in order to make uniform emission of 
process gas easy through a hole. In order to hold the relative position of an inlet port and an outlet, a gas 
eye can be extended [ from the inlet port which faces central opening ] toward outside to a radial to an 
outlet. The sense of the radial of this hole contributes to quite uniform emission of process gas and purge 
gas, and exhausts the residue from the processing chamber 1 5. Detailed explanation of this type of pump 
plate is the application number 08th under coincidence connection for which it applied on February 26, 
1996 and by which joint transfer was carried out / No. 606,880. (surrogate ********** No. 978) It shall see 
and the publication of this specification shall be included in this application specification. 
[0091] The separation bulb 371 and throttle valve 373 which have been arranged along emission Rhine 60 
where the bulb assembly (throttle-valve system) 369 controls the rate of flow of gas through the pump 
channel 40 are contained about drawing 6 and drawing 7 . The monitor of the pressure in the processing 
chamber 15 is carried out with capacitance 381 and 383 (refer to drawing 6 ), and it is controlled by 
changing the flow cross section of a conduit 60 by the throttle valve 373. Preferably, a processor 50 
regains the signal which shows a chamber pressure from manometers 381 and 383. It asks for required 
adjustment of the throttle valve 333 taken for a processor 50 to maintain the request pressure in a 
chamber 1 5 compared with the setting-pressure value which put in the measuring pressure force value by 
the operator (not shown). A processor 50 relays an adjustment signal to a drive motor (not shown) through 



a controller 385, and adjusts a throttle valve to a right setup corresponding to a setting-pressure value. 
The suitable throttle valve for use by this invention is the application number 08th under coincidence 
-connection for which it applied on June 28, 1996 called "the amelioration equipment and the approach" of 
controlling a process chamber pressure and by which joint transfer was carried out / No. 606,880. 
(8918th/DCVD-II/MBE number of a surrogate reference number) It shall see and the publication of this 
specification shall be included in this application specification. 

[0092] The separation bulb 371 is used in order to separate the process chamber 15 from a vacuum pump 
and to make the fall of the chamber pressure by the pump action of a pump into the minimum. It is used in 
order that the separation bulb 371 may authorize the massflow controller (not shown) of CVD system 10 
with a throttle valve 373. In a certain process, a liquid dopant is evaporated and it is sent to the process 
chamber 15 together with carrier gas. A massflow controller is used in order to carry out the monitor of 
the gas to a chamber 15, or the rate of flow of a liquid dopant. During assay of MFC, the separation bulb 
371 restricts or limits the quantity of gas flow of 373 to a throttle valve, makes max pressure build-up in a 
chamber 15, and makes MFC assay easy. 

[0093] D. A heater / lift assembly 30 is stated to a detail about a heater / lift assembly drawing 1 6 - 
drawing 23 here. A heater / lift assembly 30 functions in order to raise a wafer to the processing location 
in the vacuum chamber 15 and to heat a wafer during processing. Being changed in order first to use 
various processing chambers other than the concrete SACVD chamber by which the heater / lift assembly 
30 was indicated and illustrated by this specification, or in order to put in directly into it should be taken 
notice of. For example, a heater / lift assembly 40 is used by the similar CVD chamber which generates the 
plasma with RF or microwave power, the metal CVD (MCVD) chamber, or the semi-conductor processing 
chamber which are other common use or is not common use. 

[0094] As for a heater / lift assembly 30, the lift tubing 202 in the lift tubing 395 which surrounds the 
support shafts 391 and 393 under the drive assembly 400 which moves perpendicularly the heat-resistant 
wafer support pedestal connected with the vertical support shafts 391 and 393 or a heater 25, a heater 25, 
and a heater 25, shafts 200 and 201, and a chamber 15 is usually contained about drawing 16 and drawing 
20 . A heater 25 (and wafer supported on it) can move controllable between lower loading / non-loading 
locations, and is substantially located in a line with the processing location on under the slot 243 in the 
enclosure assembly 200, and the gas distribution plate 20 so that it may be stated to a detail in the bottom 
( drawing 7 and drawing 8 ). As shown in drawing 7 , as for a heater 25, the wafer support top face 403 
where the wafer was surrounded by the ring which raised the surrounding flange 405 so that it might be 
located correctly is included during processing. The diameter of the wafer support front face 403 is almost 
equal to the diameter of Wafer W in deposition temperature, for example, the temperature of the range of 
about 200 degrees C - 800 degrees C. this diameter — typical — the case of the wafer of large size — 
about 150mm - 200mm (about 6 inches - 8 inches) — it is — the case of the wafer of small size — about 

— it is about 75mm - 130mm (about 3 inches - 5 inches). It stands to reason that other wafer sizes like 
the diameter of about 300mm (about 1 2 inches) are within the limits of this invention in suitable 
modification of a chamber, the chamber lining 250, and the support heater 25. 

[0095] As for the support heater 25, it is desirable that the disk built with comparatively high processing 
temperature, i.e., the processing compatibility ingredient which can be borne more than it to 600 degrees C 

- 800 degrees C, is included. This ingredient has resistance in elevated-temperature deposition and 
deposition from reactant chemistry with relation, and resistance is in etching by the free radical in a clean 
gas. The suitable ingredients for a heater 25 are ceramics, such as alumimium nitride and an aluminum 
oxide. Since pyroconductivity is high, and corrosion resistance is excellent and the tolerance limit of a 
thermal shock is excellent, the suitable ingredient for a heater 25 is alumimium nitride. Therefore, in the 
desirable example, the external surface of the whole heater 25 contains alumimium nitride especially. 
Thermophylic ability of alumimium nitride is high and its resistance over the fluorine used by the chamber 
15 and ozone chemistry is high. Use of the alumimium nitride for a heater 25 has little metal mixing of the 
tooth back of stainless steel or an aluminum ************ processing wafer, and a reliable device is 
obtained, furthermore, aluminum — a chamber or a wafer — just — being alike — there are a fluorine 
content compound typically used for the washing gas which accumulates and comes off and forms the 
layer of the aluminum fluoride compound which falls, and an inclination to react, and mixing is produced (it 
states to a detail in the bottom). If the heater 25 of alumimium nitride is built, the reaction which poses the 
problem under washing will be eliminated effectively. 



[0096] The various drives with which the drive assembly 400 contains an air cylinder, a controllable motor, 
etc. are contained about drawing 1 3 -14. The stepper motor 407 preferably connected with the heater 

/through the suitable gear drive 409 is operated so that a heater 25, shafts 391 and 393, and the lift tubing 
395 may be perpendicularly driven by the increment by which loading / non-loading location, and 
processing location tubing were controlled. The up-and-down bellows 41 1 and 413 with which the drive 

- assembly 400 was attached between the edge of a shaft 391 and the pars basilaris ossis occipitalis of a 
processing chamber in order [ of a heater 25 ] to make free vertical migration possible substantially are 
contained. Furthermore, bellows 411 and 413 enable angle migration in order to make a substantially 
parallel thing perform while the gas distribution face-plate 20 and a heater 25 process. 
[0097] About drawing 8 , drawing 1 6 , and drawing 20 , the lift tubing 395 surrounds the part under the 
upper shaft 391, and gives insulating from the heat energy which emits the upper bellows 41 1 from the 
interior of a shaft 391, a heater 25, and the processing chamber 15. The lift tubing 395 contains the annular 
flange 422 which usually attaches in a shaft 418 the annular strike plate 420 and plate 420 which appear in 
the top face of the aluminum shaft 418 and a shaft 418. As for a flange 422 and the strike plate 420, it is 
desirable to be built with the ingredient which can bear an elevated temperature like alumimium nitride or 
an aluminum oxide (a ceramic or aluminum 203 of the form of an alumina). A flange 422 and the strike plate 
420 insulate the aluminum shaft 418 from a heater, In order to make the camber to the heater shaft 391 of 
a shaft 418, or fusion into the minimum. In a concrete example, a spring [ like / lift tubing / the wave spring 
loaded with sounding grumblingly between the flange 422 and the strike plate 420 prevention or in order to 
prevent at least ] (not shown) whose strike plate 420 is is contained. 

[0098] As shown in drawing 8 and drawing 20 , two or more four wafer support / lift fingers 430 are usually 
preferably let slide and attached two pieces in the guide stud 432 ****(ed) around the heater 25. Since a 
finger 430 is extended downward under a heater 25, the strike plate 420 can engage a finger 430, and it can 
lift it on the top face of the heater 25 of loading and a non-loading wafer. As for the lift finger 430, it is 
desirable to be built with a ceramic ingredient like an aluminum oxide, and it usually has the cut-off double 
cone form head (not shown), although not being distributed to homogeneity around a heater 25 is desirable 
as for four lift finger guide studs 432, the rectangle which has at least one side face larger than the width 
of face of a robot blade instead is formed, it is a typically thin even bar (not shown), and the lift finger 430 
lifts a wafer around it — kicking does not become impossible The bottom edge of the lift finger 430 is 
round, in order to make into the minimum the finger combined with a heater during processing, the diameter 
of a finger 430 is relatively thick — about 3mm - 5mm (about 100 mil - 200mil), it is about 4mm (about 150 
mil) preferably, and die length is relatively short — it is 51mm (2 inches) preferably about 25mm - 76mm 
(about 1-3 inches). 

[0099] During use, when a heater 25 is in a location (or actually immediately under a slit 243) opposite to a 
slit 243, a robot blade (not shown) carries a wafer to a chamber 15. A wafer is supported with the lift finger 
430 and lifted on a heater 25 on the strike plate 420 in the beginning, since the lift finger 430 is gone up 
with a heater 26, it flies a stop (not shown) — it is flooded. Since a heater 25 continues going up to a 
processing location opposite to the gas distribution face plate 20, the lift finger 430 sinks in the guide stud 
432 in a heater 25, and deposits a wafer on the wafer support front face 403 in the annular flange 405. In 
order to take out a wafer from a chamber 1 5, the above-mentioned step is performed conversely. 
[0100] The resistance heater coil assembly 440 is held about drawing 16 in the heater 25 which moves 
heat during processing at a wafer. The up-and-down support shafts 391 and 393 support a heater 25, and 
hold a required electrical connection part to the heater coil assembly 440 in the hollow core 445 (after- 
mentioned). The upper support shaft 391 is made of the ceramic ingredient which can bear comparatively 
high processing temperature. Preferably, a shaft 391 is built with diffusion joint alumimium nitride, and when 
alumimium nitride does not exist, it prevents the attack by the chemistry used for the deposition and its 
chamber 15 to the electrode and electrical connection part to produce. In order to make between a heater 
25 and a shaft 391 airtight so that the hollow cores 445 of a shaft 391 may be ambient temperature and a 
pressure (preferably atmospheric pressure, i.e., 760torr, or one atmospheric pressure), as for a shaft 391, it 
is desirable at a heater 25 that diffusion association is carried out. In other examples, although the hollow 
core 445 is about 10 degrees C - 200 degrees C in the pressure of about 0.8 atmospheric pressures - 1.2 
atmospheric pressure, and temperature, chambers 1 5 are the temperature of about 400 degrees C, and the 
pressure of about 20 mtorr - about 600 torKs) at least. This arrangement is useful to protecting an 
electrode and other electrical connection parts from the corrosion from the process gas and the clean gas 



in a chamber 15. Furthermore, if the hollow core 445 of a shaft 391 is maintained with ambient 
temperature, the arc to a power lead or a RUMINIUMU shaft will be made into the minimum through the 
•hollow core 445 from RF power source. Therefore, the arc produced under vacuum is avoided. 
[0101] The upper support shaft 391 is connected with the base 455 which gives the gas seal between 
elongation, a shaft 391, and a chamber 15 to the field under the enclosure assembly 200 through opening 
453 about drawing 16 and drawing 1 7 . The upper support shaft is stopped by the lower support shaft 393, 
for example, is fastened by the bolt, and contains aluminum or a suitable process compatibility ingredient 
like an aluminium alloy. As for the lower support shaft 393, it is desirable that it is a water cooling aluminum 
shaft. However, the lower support shaft 393 can contain a ceramic ingredient like an aluminum oxide or 
alumimium nitride. One or more sealing members 457, for example, an O ring, are arranged between a shaft 
391 and 393, and it maintains the gas seal between a core 445 and a chamber 15. As shown in drawing 1 6 , 
the lower support shaft 393 is attached in the perpendicular movable base material 461 on the drive 
assembly 400 which moves the shafts 391 and 393 and heater 25 between a loading location and a 
processing location. A shaft 393 forms the internal cooling agent channel 463 which passes the 
surroundings of an electrical connection part, and insulates the connection part from the elevated 
temperature of a shaft. The cooling agent channel 463 has the inlet port and outlet 466 which were 
connected with the water connection parts 217 and 219 of the liquid cooling system 215. The cooling agent 
channel 463 maintains low temperature relatively [ a lower chamber field ], and protects the sealing 
member 457. In the alternative-like example, the heater assembly 30 is extended through the opening 453 
under the enclosure assembly 200 including the single shaft (not shown) which supports a heater 25. The 
sealing member 457 is not used in this alternative-like example. 

[0102] the heater coil assembly 440 — about 20-degree-C rate for / — the temperature within a chamber 
— even if few, it is arranged so that it may become about 200-800 degrees C. The heater coil 471 with 
which the heater coil assembly 440 was embedded at the ceramic heater 25 is contained about drawing 18 
and drawing 19 . routing of the heater coil 471 embedded at the heater base 25 — the electric contact 
part near the center of a heater 25 — starting — one side of a heater 25 — meeting — the perimeter — 
going — back and before — moving — another field of a heater 25 — the [ elongation and ] — 2 electric 
contact part 474 — the center of a heater 25 — going — back — and it is desirable to give the single coil 
471 which moves in front. Although this loop-formation pattern is heated in order to maintain almost 
uniform temperature at the width-of^ace both ends of a plate, it makes heat loss possible. Preferably, the 
heater coil 471 gives about 400degree-C+ / -2 degrees C and at least 600 degree-C+ / -8-degree C 
uniform temperature distribution at least to the wafer directions surface both ends of a heater 25. In a 
concrete example, the heater coil 471 has large power flux density near the center of a heater 25 in order 
to reduce a heat gradient from the heater shaft 391. 

[0103] As shown in drawing 21 , as for the heater coil assembly 440, it is desirable that the embedded RF 
reticulated touch-down flat electrode 473 connected to two or more conductor lead wire 475 extended to 
a suitable electric energy source through a shaft 341 is included. The reticulated touch-down plane 
element 473 is a molybdenum grid which gives a touch-down way and process resistance in the example 
for which a plasma process is used. As for lead wire 475, it is desirable that the conductive ingredient 
which can bear comparatively high process temperature, such as nickel and copper, is included. In a 
concrete example, lead wire 475 is each nickel wire connected with the electrode 473 in the metal insertion 
part 477 co-sintered by the electrode 473, in order to avoid soldering between a ceramic and a metal. As 
for the insertion part 477, it is desirable that the ingredient which has the relatively close thermal- 
expansion adjustment over alumimium nitride like molybdenum is included. The molybdenum insertion part 
477 is respectively stopped by the molybdenum plug 481, for example, is soldered, and is soldered at lead 
wire 475 so that it may be illustrated. A sheath is mainly carried out by resistance-wire or continuation 
insulation coating (what was mentioned above) which mainly permits an elevated temperature so that all 
the wires of the heater coil of an electric conduction line may bear cast molding of the body of an 
alumimium nitride heater. 

[0104] At least one thermocouple 491 with which a heater / lift assembly 30 determines the temperature 
of a heating coil 471 is contained about drawing 16 , drawing 22 , and drawing 23 . A thermocouple 491 is 
contacted on the inferior surface of tongue of the heater 25 which is distant from the bottom of a wafer 
6mm (about 0.25 inches), and the ERON gate tubing 493 which has the sensor 495 ( drawing 16 ) inserted 
and held is contained. The thermocouple guide ( drawing 22 ) with which the heater 25 soldered the sensor 



495 of a thermocouple 491 to the heater element 473 linked to an element 473 is included for the purpose 
of it. A thermocouple 491 is appropriately held by few spring force from compression sprjng 503 ( drawing 

- 23 ), and gives a control signal to a temperature controller (not shown). A sensor 495 is desirable, being 
arranged at the well 505 in atmospheric pressure raises the heat transfer between a heater element 473 
and a thermocouple 491, and it reads it correctly. A temperature controller is a recipe type proportional 

' integral differential (PID) controller which expects the recipe step which is going to start the response 
characteristic of a heater and changes it, in order to maintain a uniform temperature profile. The lower 
vacuum seal and lower ground connection part of the support shaft 393 are built along the side face of a 
shaft 393 (not shown), and the connection with the heater wire edge 511 and the thermocouple tube end 
513 is built with atmospheric pressure conditions. 

[0105] When this invention is using it, and a heater 25 is in a location (or in fact immediately under a slit 
243) opposite to a slit 243, a robot blade (not shown) moves a wafer to a chamber 15. A heater 25 and a 
wafer are lifted with the drive assembly 400 in a processing location, and since the lift finger 430 sinks in 
the guide stud 432 in a heater 25, a wafer is deposited on the wafer support front face 430 in the annular 
flange 405 of a heater 25 ( drawing 8 , drawing 16 , and drawing 1 7 ). TEOS and process gas like 03 pass 
along gas passagewaies 83 and 85, and are mixed together in the mixing zone 93 of the gas mixture box 
273 (refer to drawing 7 and drawin g 6 ). Next, it is sent to the chamber 320 on the gas distribution plate 
301 through the aisleway 295 of the introductory tubing 43, and the central hole 327 of a base plate 265, 
and distributes outside, and mixed gas flows to the chamber 317 on a gas distribution plate through a hole 
325 (refer to drawing 8 and drawing 9 ). Preferably, gas is distributed to homogeneity on a semi-conductor 
wafer (not shown) through the gas distribution hole 315. 

[0106] Typically, since the temperature of the wafer on a heater 25 is held by the heater coil assembly 440 
more highly than the minimum deposition temperature, process gas reacts together on a wafer front face, 
and it deposits a layer. In detail, a current progresses to resistance inductance 473 through the conductor 
wire 457, and heats a wafer according to each example in temperature of about 200 degrees C - 800 
degrees C. In a suitable example, temperature is controlled by the feedback control system (it indicates to 
the above-mentioned heater control subroutine 1 67) which maintains a ramp rate based on the current 
temperature in a chamber. The internal lid assembly 230 regains heat during the processing from the 
various sources of supply containing the gas to pass, the heated semi-conductor wafer, and a wafer 
heating source of supply. In order to maintain the component of the lid assembly 230 lower than the 
minimum deposition temperature, and in order to avoid the gas reaction and deposition on the component, 
a cooling agent liquid is introduced into the cooling agent channel 93, and heat is removed from gas 
distribution and the distributed plate 20,301 in base-plate 265 list. 

[0107] In order to make reduced pressure under deposition processing and the inside of the pump channel 
40, a vacuum pump is activated, and process gas and the plasma residue are drawn out through a channel 
40 and an exhaust port 361 from the processing chamber 15 ( drawing 8 and drawing 15 ). Furthermore, 
purge gas can usually progress to the processing chamber 15 upward through the gap between the interior 
253 of SASUSEPUTA 25 and a liner 250. Purge gas makes the minimum exsorption to the part under 
equipment 10 for process gas, and makes removal of process gas easy through an exhaust port 361. 
[0108] E. The integral remote microwave plasma pedigree table 24 is a simple diagram of the remote 
microwave plasma system 55 which washes the wafer and/or process chamber by the example of this 
invention. Although [ which reaches and probably ****** ] the wafer in a chamber 1 5 and/or the 
component of a chamber 1 5 are etched or washed efficiently and it is useful, the microwave plasma system 
55 separates from the useful processing chamber 1 5, and generates the plasma. Optimization element; and 
the magnetron 71 1 containing the impedance matching system 701 which can contain the circulator 705 
which has a selection phase detector for the example for which the microwave plasma system 55 needs 
feedback of applicator tubing 292; plasma ignition system (after-mentioned); microwave waveguide system 
(after-mentioned); automatic impedance matching, and a load 707 are contained. 

[0109] A magnetron 711 is a continuous wave (CW) or about 2.45GHz. (GHz) It is the typical source of a 
magnetron which can be operated by about 500W - 2500W about the pulse output of the microwave of a 
frequency. A magnetron 71 1 is supplied with the power source 1 10 (it illustrates to drawing 3 ) a location is 
indicated to be by RIMOTO from a magnetron 71 1. It stands to reason that other magnetrons are used 
similarly. The microwave from a magnetron 71 1 is spread in the microwave waveguide system containing 
the various die length of the straight line combined together at joint 719, and the curvilinear waveguide 



partitions 715 and 717. It is dotted with the optimization element which works in order to give little 
maximum microwave propagation of the loss which minimunrHzed reflection loss and to protect a 
. magnetron from damage by reflective power in a waveguide system. The next explanation is the direction of 
the request to the applicator tubing 292 from a magnetron 71 1. 

[0110] In each example, a microwave plasma system has the magnetron 711 connected to the circulator 
* 705 which has a load 707 as shown in drawing 24 . Only the microwave propagation to the front is possible 
for a circulator 705 toward the applicator tubing 292 from a magnetron 71 1. A load 707 absorbs the power 
conversely reflected toward a magnetron 71 1 from a waveguide system. Having, a circulator 705 and a load 
707 advance microwave to the front sense, and protect a magnetron 71 1 from the damage from reflective 
power. A circulator 705 is connected to the waveguide 715 connected to the phase detector 703 
connected to another waveguide partition 715. When using it, a phase detector is connected with another 
waveguide partition 715 which attached alignment or the adjustment system 701 through the curvilinear 
waveguide partition 717. The alignment system 701 which can use a stub tuner or other alignment elements 
equips the plasma microwave system 55 with the characteristic impedance of the capacity which adjusts 
the load of the waveguide partition 721 to 50ohms, and a waveguide. The alignment system 701 can give 
fixed alignment, manual alignment, or automatic tuning according to each embodiment, the operative 
condition using automatic tuning — like therefore, phase discriminator is 3 diode array which detects the 
phase of the microwave spread in order to feed back to the alignment system 701, and aligns a suitable 
load mentally and dynamically. In each embodiment, although a waveguide partition has a rectangle cross 
section, the waveguide of other classes is also used. 

[011 1] The microwave which progresses an optimization waveguide system is spread from the output 
waveguide partition 721 to the applicator tubing 292, and the plasma is generated so that drawing 24 may 
see. The applicator tubing 292 has the input supply line 57 containing the reactant gas to which energy is 
given by microwave through a waveguide system and other optimization elements from a magnetron 711. 
the applicator tubing 292 — each operative condition — jt is circular (or other cross sections) tubing 
which followed like and was built with the ingredient of compound or a ceramic ingredient, and the others 
that have resistance in etching according to an alumina or the free radical of the plasma preferably. In each 
embodiment, die length is [ the diameter of about 90cm - 61cm (18 inches - 24 inches) and a cross section 
of the applicator tubing 292 ] about 8cm - 10cm (about 3 inches - 4 inches). The applicator tubing 292 has 
been arranged by the waveguide partition 721, in order to spread microwave, the end has opened it wide, 
and the end has already finished with the metal wall. Next, microwave can be spread through the open end 
of the waveguide partition 721 to microwave in the reactant gas inside the transparent applicator tubing 
292. It stands to reason that other ingredients like sapphire are used for the interior of the applicator 
tubing 292. In other embodiments, the applicator tubing 292 has the metal exterior and the interior which 
were made with compound or a ceramic ingredient, and the microwave of the waveguide partition 721 goes 
into the interior of exposure of tubing 292 through the exterior of the applicator tubing 292, and it gives 
energy to reactant gas. 

[0112] In each embodiment, the plasma attached in the metal wall of the waveguide partition 721 depending 
on the case is lit by the plasma ignition system including the ultraviolet-rays (UV) lamp 731 and the UV 
power source 721. It stands to reason that the UV power source 733 is attached in other various locations 
of a metal wall. The UV lamp 731 supplied by the UV power source 733 ionizes the plasma in the applicator 
tubing 292 first. Next, the flow of the free radical included in the inlet port 290 where microwave energy 
maintains ionization of the ignition plasma, and results in a chamber 15 through a gate valve 280 is 
produced. For change of the load in the applicator tubing 292 from the installation and ionization of 
reactant gas in tubing 292, use of the adjustment system 701 optimizes the microwave energy connected 
with effectiveness. In a suitable embodiment, as for the adjustment system 701, at least one stub tuner is 
contained under control of a processor 50 or the controller unit for automatic tuning. As mentioned above, 
the alignment element of other common use is also used for the adjustment system 701. 
[0113] As mentioned above, the applicator tubing 292 is attached and connected to the bottom of the body 
of a chamber 15 so that the applicator tubing 292 may output a plasma free radical to the inlet port 290 of 
the enclosure assembly 200, as shown in drawing 7 . A free radical is preferably inputted into the path in 
the enclosure assembly 200 equipped with the liner 291 made in polytetrafluoroethylene (PTFE) through an 
inlet port 290. Teflon (trademark) PTFE of marketing like PTFE has resistance in etching or deposition from 
the reactant chemistry input in an inlet port 290. A liner 291 prevents the fluorine radical recombination in 



the path in a clarification process. It is manufactured with the fluorination ingredient which contains a 
fluorination polymer [ like PFA (it is the polymer which combines the carbon-fluorine frame and perfluoro- 
alkoxy side chain of polytetrafluoroethylene resin) ] whose liner 291 is, fluorinated ethylene propylene 
(TFE) f etc. other than PTFE. They are that a cross section is desirable and a path's is circular or the cross 
section of other types which an inlet port 290 and the cross section of the applicator tubing 292 suit. A 
► plasma free radical is slushed into the conduit 47 in the clean gas manifold 270 to a gate valve 280 from 
this backed path of the enclosure applicator tubing 200. The clean gas manifold 270 is also built with PTFE. 
Since resistance is in etching according [ PTFE ] to a fluorine radical, the fluorine radical of PTFE is 
desirable to washing generated in the plasma. It stands to reason that it is manufactured with other 
ingredients (what described the above-mentioned liner 291) which have resistance in each chemistry based 
on the clean gas manifold 270 and the reactant gas by which the both sides of a liner 291 are used. 
[01 14] In a certain embodiment, as mentioned above, a gate valve 280 separates a clean process from a 
deposition process. As for a gate valve 280, a chamber 15 is usually closed between deposition, a reflow, or 
drive-in step ************. In the closed arrangement, a gate valve 280 is prevented from the particle in 
the conduit 47 used for a clarification process polluting a wafer during deposition processing, and the 
"vacancy" volume of a conduit 47 and a path is decreased during deposition. When happening with the gate 
valve 280 which the deposition in the pressure of about 200 torKs) - 760torr opened wide, deposition is 
caused within the applicator tubing 292, contamination of a washing process is imitated, and it is **. In 
order to make deposition of a up to [ the damage by the reactant chemistry from a conduit 47, or the 
closing bulb 280 by it ] into the minimum, as for a gate valve 280, it is desirable to be manufactured by 
PTFE (or the same ingredient as what described the above-mentioned liner and the manifold 270). In a 
suitable embodiment, a gate valve 280 is a particle grade gate valve. In the embodiment using a gate valve 
280, when a chamber 15 is used for a wafer washing step, or only when chamber washing is performed, a 
gate valve 280 is opened wide, and a plasma free radical is slushed into the fluid channel 293 of the gas 
mixture box 273 so that drawing 7 may see. As mentioned above, in a certain embodiment, a gate valve 280 
is not used at all. Then, a plasma free radical is slushed into a chamber 1 5 through the gas distribution 
plate 20 through the annular path 295. It is made such and each part of the distribution plate 20 and a 
chamber 15 is washed. Next, the residue and use washing gas are exhausted from a chamber 15 by the 
above-mentioned exhaust air system. Washing on the washing process of a chamber 15 and the front face 
of a wafer is stated to a detail in the bottom. 

[01 15] F. the voice of everything [ drawing 28 / the terminal point detection pedigree table 25 - ] but this 
invention — it is the washing terminal point detection system 800 of the microwave plasma system 55 
depended like. As mentioned above, as for equipment 10, it is desirable to use the heat cleaning method 
which uses remote microwave technology instead of the conventional spot plasma process in order to 
decrease metal mixing. In this invention, while a physical sputtering operation reacts with chamber 
Kabeuchi's aluminum, only a chemical reaction uses the quiet cleaning method which uses the remote 
microwave plasma system 55 for using the spot plasma process which has loam Lycium chinense in mixing 
of an aluminum metal in a processing wafer, and a contrast target. 

[01 16] in the washing process using the remote plasma system 55, although it is dusting preferably, the 
fluorine radical was advanced into the chamber and moderate heat clarification happened, the plasma is 
[ being etching gas and ] separated with a chamber (that is, refer to drawing 24 in the applicator tubing 
292) — it is separated and generated from a chamber 1 5 like. This process has many advantages, in order 
to wash the wafer in the component of a chamber 1 5 and/or a chamber 1 5, but since the time amount 
which washing completed using the conventional terminal point detection system, i.e., the process gas 
residue of the last in a chamber, reacted with the washing etching agent, that there is no plasma into a 
chamber makes it difficult that the case where it is emitted from a chamber is shown correctly. Typically, 
the conventional terminal point detection system makes use of the plasma in a chamber reliance, checks 
the emission from the spot plasma, and asks for the end of a clarification process. 

[0117] However, the terminal point detection system of this invention is used with the spot plasma or the 
remote plasma so that it may be shown by the microwave plasma system 55. For example, it sets in a 
concrete process and is Si02 in a chamber. In order to make it react with the powder residue, fluorine 
system gas is used, and it is SiF4. Gas is generated and this is drawn out by the vacuum pump from a 
chamber. Si02 in a chamber When all are consumed substantially, fluorine system gas is SiF4. It is Si02 in 
order to generate. It cannot react. Instead, fluorine system gas begins to pollute a chamber 1 5, or reacts 



with the aluminum wall of a chamber, and generates an aluminum fluoride compound. As a result, it is Si02 
in an approximate terminal point of the last. Since it is important that the residue searches for fluorine gas 
.and the point of having reacted, in order to prevent that a fluorine radical goes into a chamber 15, a gate 
valve 280 is closed. The terminal point detection system 800 of this invention is SiF4 so that it may be 
mentioned later. The terminal point of a washing process is searched for by detecting change of the 
■ intensity of light produced based on the absorbance of the light by the exhausted clean gas reaction 
component [ like ]. 

[01 18] it is shown \r\ drawing 25 — as — the washing terminal point detection system 800 — the emission 
between the separation bulb 371 and a throttle valve 373 — the firedamp detector 802 arranged along with 
a conduit 60 is contained. Naturally a firedamp detector 802 may be arranged in other locations in the 
exhaust air system of equipment 10. For example, a detector 802 is arranged on the lower stream of a river 
of a throttle valve 373, as shown in drawing 26 . In other examples, a detector 802 is arranged along with 
the bypass line 804 which puts in the sample gas stream from a conduit 60 as shown in drawing 27 . In this 
example, a bypass line 804 changes the flow rate which passes through Rhine 804, or the control bulb 806 
which stops completely the gas flow in alignment with the bypass line 804 under gassing of the wafer in a 
chamber is contained. 

[01 19] The suitable example of a firedamp detector 802 is described here about drawing 28 . The housing 
804 which forms the run through hole 806 by which the detector 802 leads to the conduit 60 which passes 
the gas and other residues from a chamber is contained so that it may be illustrated. As for one pair of 
flanges 808 and 810, it is desirable to attach housing 804 in a conduit 60. The apertures 812 and 813 of 
one pair of infrared radiation (IR) arranged so that the side attachment wall of housing 804 may pass far 
infrared rays are contained. Far infrared rays have the wavelength which starts in about 10 micrometers. 
As for the apertures 812 and 813 of IR, it is desirable that a transparent ingredient is substantially included 
in far infrared rays so that it may **** by die-length L and zero or the beam of light which is not almost 
substantially may be absorbed by apertures 812 and 813. Furthermore, the IR aperture 812 and 813 
ingredients must be inactive to process gas and clean gas chemistry in process compatibility, and must not 
pollute the film. In the example in which a fluorine radical is used for a washing process, apertures 812 and 
813 have resistance in a fluorine. As for the suitable ingredient for the IR apertures 812 and 813, 
germanium, a calcium fluoride, etc. are contained. 

[0120] As shown to drawing 28 in a schematic diagram, since a detector 802 generates far infrared rays 
and penetrates the beam of light through apertures 812 and 813, the far-infrared lamp 814 with which the 
beam of light was connected suitable for the housing 804 which passes through a run through hole 806 is 
contained. The IR detector 816 is connected with housing 804 in the location which carries out reception 
detection of the far infrared rays which pass an aperture 813. Preferably, the far-infrared lamp 814 is a 
tungsten lamp which has an optical notch filter. 

[0121] When this invention is using it, a clean gas reaction component (for example, SiF4) is advanced 
along with the run through hole 806 of a conduit 60 and a detector 802. The far-infrared lamp 814 
penetrates far infrared rays through an aperture 812, a run through hole 806, and an aperture 813, and 
receives them with a detector 816. A beam of light is a clean gas SiF4. Since it passes, these reaction 
components (namely, silicon) absorb some far infrared rays, and reduce the intensity of light received by 
the detector 816. A fluorine does not absorb far infrared rays, therefore, SiF4 to which a detector 816 
passes delivery and a conduit 60 for a signal for a controller (not shown) when the strength of the 
detected far infrared rays increases to a certified value or [ that concentration fell considerably ] — or 
having stopped completely is shown and it is shown that the washing terminal point reached. At this point, 
a controller closes delivery and a gate valve 280 to a processor 50, and it prevents a suitable signal so that 
etching gas may not have chamber ** ON. the above-mentioned concrete washing process — setting — 
the terminal point detection system 880 — about 10 micrometers Clean gas reaction component SiF4 
which absorbs a beam of light on wavelength And about 5 micrometers - 6 micrometers The source of 
supply 814 which supplies the far infrared rays absorbed with the fluorine which absorbs a beam of light on 
wavelength, and the detector 816 to detect are used. In other examples, a source of supply 814 and a 
detector 816 can show different wavelength, and are influenced by the absorbance property of each clean 
gas reaction component used in a clean gas process. 

[0122] As an example, it is 10. SiF4 It is far-infrared line intensity in case the conduit 60 is not flowed and a 
detector 816 receives all strength from a lamp 814. SiF4 (I) decreases in the strength which far infrared 



rays are absorbed and is received with a detector 816 as a run through hole 806 is flowed during washing. 
It is shown by the following type. 
.[0123] 1/10 =exp(-X* L* C) 

It is SiF4 to which X is the absorbancy index of the IR apertures 812 and 813 or a filter (not shown) among 
a formula, L is the die length of apertures 812 and 813 (refer to drawing 28 ), and C passes a detector 802. 
"It is concentration. 1/10 It is SiF4 when the value of 1 is reached. Concentration falls and means that a 
washing terminal point is near. A controller is 1/10 until this value meaning the washing terminal point having 
reached approaches 1 . A ** monitor is carried out continuously. 

[0124] Although the above-mentioned explanation is related with the CVD chamber of a multi chamber 
processor, it is possible to carry out the description of this invention of a certain kind about other plasma- 
etching chambers, a physical deposition chamber, etc. Therefore, above-mentioned explanation and above- 
mentioned instantiation should not be used as what limits the range of this invention defined by the above- 
mentioned claim. It should be taken notice of that this invention is not limited to the single-wafer- 
processing wafer chamber which was indicated above and which reached and was shown in the enclosed 
drawing. For example, the throttle valve of this invention is attached in the batch chamber which processes 
two or more wafers to coincidence. Furthermore, this invention is suitable for using it by the multi-wafer 
chamber which performs each processing step continuously about each wafer. 

[0125] elevated-temperature multistage process A. using an II.CVD reactor system — concrete structure 
and concrete application drawing 29 are the simple sectional view of the integrated circuit 900 of this 
invention. NMOS and the PMOS transistors 903 and 906 are contained, and an integrated circuit 900 is 
mutually divided by the oxide electric-field field 920 formed of local oxidation or other technique of silicon 
(LOCOS), and is electrically divided so that it may be illustrated. Moreover, when transistors 903 and 906 
are both NMOSes or both PMOSes, transistors 903 and 906 are mutually divided by shallow trench 
separation (not shown), and are divided electrically. Each transistors 903 and 906 include the source-of- 
supply field 912, the drain field 915, and the gate field 918. 

[0126] A metal-containing dielectric (PMD) layer is divided from the metal layer 940 in transistors 903 and 
906 in the connection part between the transistors built with the metal layer 940 and the contact part 924. 
The metal layer 940 is one of the four metal layers 940, 942, 944, and 946 contained in the integrated 
circuit 900. Each metal layers 940, 942, 944, and 946 are divided from an adjoining metal layer by each 
dielectric layers 927, 928, and 929 between metals. An adjoining metal layer is connected by selection 
opening by beer 926. If it deposits on the metal layer 946, flattening of the passivation layer will be carried 
out CVD system 10 is used in order to make the film used as the PMD layer 921, the IMD layers 927, 928, 
and 929, or a passivation layer deposit. CVD system 10 is used in order to make the oxide packed bed of 
shallow trench isolation construction used instead of the LOCOS oxide electric-field field 920 deposit 
again. 

[0127] Other examples of use of the above-mentioned CVD system form super-******** and the drain 
fields 912 and 915 which were shown in the concrete integrated circuit 900 of drawing 29 . Drawing 30 - 
drawing 34 describe by making application of this approach of forming a super-** doped junction part in 
forming the source / drain field of an MOS transistor into an example. 

[0128] Drawing 30 is the simple sectional view of a perfect MOS transistor partially. MOS transistor 1000 
is only a PMOS transistor as an example. It stands to reason that an NMOS transistor is also formed. The 
dope dielectric layer 1008 used can be used as the BSG film as a source of a P type dopant about the 
PMOS transistor 1000. The gate electrode 1002 on the gate oxide 1003 is already formed on the ingredient 
1004 so that drawing 30 may see. An ingredient 1004 can be made into N well formed in an N type 
substrate or a substrate in this example. The oxide electric-field field 1006 is formed by approach like 
silicon local oxidation (LOCOS). The field where it asks for a super-** doped junction part is formed using 
a mask. In this example, although these fields are the source / drain fields 1010 and 1012, it is formed so 
that a ** doped rain (LDD) field may be formed. If the above-mentioned CVD reactor system is used with 
the process recipe explained in full detail in the bottom, the dope dielectric layer 1008 will be formed on 
the source / drain field 1010 of the wafer which appears on the heat-resistant heater 25, and 1012. 
[0129] Before making the dope dielectric layer 1008 form on the source / drain field 1010, and 1012, it is 
NF3 from the above-mentioned remote microwave plasma system 55 about the front face of the source / 
drain fields 1010 and 1012. Plasma or heat NF 3 formed by reactant gas [ like ] The gate oxide or native 
oxide which can exist by using a steam is washed, in order for a washing procedure to wash the oxide 



which can exist on the front face of the source / drain fields 1010 and 1012 — NF3 from — a gate valve 
15 is wide opened so that a fluorine radical can go into a chamber 15. Washing of these oxides makes 

.possible the drive-in dopant which was in agreement from the dope dielectric layer 1008 formed on the 
source / drain field 1010, and 1012. The fluorine radical from the remote plasma is used in order to wash a 
native oxide from the wafer in a chamber 15. In a washing procedure, a heater 25 is adjusted to the 

- location where a fluorine radical can wash an oxide the optimal, without damaging the device on a wafer. 
Preferably, deposition of the native oxide removal / washing step and the dope dielectric layer 1008 is 
performed within the same chamber by the spot approach. Since the vacuum of a chamber 1 5 is not 
destroyed and a wafer is not exposed to an environment, use of above-mentioned CVD system 10 avoids 
the water absorption by the wafer. Moreover, the oxide which is not desired is NF3 in the spot. It is washed 
from a wafer by pyrolyzing. this alternate method — setting — a fluorine radical — a part (seem) for about 
200 to 1500 standard cubic-centimeter/— desirable — NF3 of about 500 sccm(s) and a case — 02 of 
about zero to 1000 seem It is generated on that spot within a chamber 15 by introducing into a chamber 
15. to coincidence, about 500 degrees C - 650 degrees C of chambers 15-are preferably heated to 600 
degrees C — having — about 60torKs)- 760 torr, it is preferably maintained by the pressure of 400torKs), 
and a heater 25 is preferably ****(ed) from a plate 20 by about 1 5mm (about 600 mil) about 4mm - 22mm 
(about 1 50 to 900 mil). Therefore, the native oxide barrier of the front face of the source / drain fields 
1010 and 1012 is washed. 

[0130] After a washing step, the gate valve 280 of a certain example is closed in order to exclude from 
entering and depositing on the front face of a conduit 47 the reactant gas used for a dope dielectric layer 
deposition process. A heater 25 moves to a suitable processing location, and is heated to the temperature 
of true air assignment of a chamber 1 5 according to a desired process recipe. Next, the dope dielectric 
layer 1008 is formed in an elevated temperature (about 500 degrees C - 600 degrees C) within CVD 
system 10 as follows. Without having a native oxide barrier, the dopant from the dope dielectric layer 1008 
formed on the wafer is carried in a substrate, and forms the super-** source / drain fields 1010 and 1012. 
[0131] A wafer is in a chamber 15 after deposition of the dope dielectric layer 1008. next, the heat- 
resistant heater 25 and the wafer on it — time amount heating of assignment with an elevated temperature 
(about 800 degrees C) — it carries out. A heating step carries a dopant for a dope dielectric layer to the 
charge 1004 of N profile. The dope dielectric layer 1008 is used as a P type dopant diffusion source of 
supply for super-******** 1020 obtained as shown in drawing 31 . It stands to reason that a gate valve 
280 is closed among the drive-in step. Instead of spot heating being carried out, a wafer is moved 
[ ****** ] to an annealing electric furnace or a rapid heat treatment reactor (preferably multi chamber 
system), in order to carry out the drive-in of the dopant from the dope dielectric layer 1 008 which acts as 
a source of dopant diffusion, diffusion — annealing — or — or it is performed by rapid heat treatment, 
desirable — these — others — in an example, diffusion is preferably performed by about 1 00 degrees C 
for about 1 minute for [ about 1 minute - ] 3 minutes at about 950 degrees C - 1 100 degrees C using rapid 
heat treatment (to a good throughput sake). 

[0132] The dope dielectric layer 1008 is removed from the charge 1004 of N profile after diffusion by dry 
cleaning, the wet etching method, or other removal methods. CVD system 10 is used in order to remove 
the dope dielectric layer 1008 by using the remote microwave plasma system 55 with suitable etching 
chemistry again. Although the gate valve 280 is closed, in order to enable the remote plasma to etch a 
layer 1008, a gate valve 280 is wide opened then, until removal is completed about the dielectric layer 
removal step. A removal step is performed on that spot, without moving a wafer from the heater 25 in a 
chamber 1 5. Moreover, a removal step is performed within other chambers detached within the same multi 
chamber system as CVD system 10 for dielectric layer removal, and avoids exposing a wafer to the 
environment of the vacuum exterior of a multi chamber. Drawing 32 is the perfect PMOS transistor 1000 
partially after removal of the dope dielectric layer 100. Adjoining source / drain field 1020 whose PMOS 
transistors 1000 are the gate electrode 1002 and a super-** P type doped junction part are included. 
Then, the remaining process step is performed on a wafer for completion of a device. 

[0133] Chamber clarification is performed after all the wafers (or several wafers) are processed within the 
chamber 15 of CVD system 10. After processing of a wafer is completed within a chamber 15, vacuum 
sealing of the wafer is moved and carried out through a slot 243. Next, a gate valve 280 can open, and it 
makes it possible to perform a chamber clarification process using the remote microwave plasma system 
55 until a chamber is washed by the specification shown by the terminal point detection system. 



[0134] In other examples, the step shown in drawing 33 - drawin g 34 is performed after the step indicated 
by drawing 30 . After being formed on the source / drain fields 1010 and 1012, and the gate electrode 1002 
so that the dope dielectric layer 1008 may be looked at by drawing 30 , a capping layer 1030 like USG on 
the dope dielectric layer 1008 is preferably formed in the spot process in a chamber 15. A gate valve 280 is 
closed during deposition of a layer 1008. Next, a substrate is heated in order to make it spread from the 
dope dielectric layer 1008 to a semiconductor material 1004 as above-mentioned drawing 31 was 
described. Moreover, a wafer is taken out from a chamber 15, in order to move a dopant to the annealing 
electric furnace or rapid heat treatment reactor diffused from the dope dielectric layer 1008, as above- 
mentioned drawing 31 was described. Preferably, rapid heat treatment is performed by the same multi 
chamber system whose chamber 15 (the dope dielectric layer 1008 and the capping layer 1030 deposited) 
is a part. The dopant from the dope dielectric layer 1008 which has the cap layer 1030 upwards is spread in 
a semiconductor material 1004, and forms a part for the super-** source / drain joint 1020 so that drawing 
34 may see. Next, as the cap layer 1030 and the dope dielectric layer 1008 separate as mentioned above, 
are etched and are shown in drawing 32 for the remaining processing step, the perfect PMOS transistor 
1000 is obtained partially. About 0.25 micrometers If a boron atom is diffused about the form of a device, 
the about 100A - 200A BSG thickness capped by the about 100A - 200A USG film is formed, and it is 
about 0.05 micrometers - about 0.1 micrometers of the suitable example of a PMOS transistor. A part for 
the joint of the range is obtained. 

[0135] The source / drain fields 1010 and 1012 where the NMOS transistor 1000 is formed in the P type 
semiconductor material 1004 using a dope dielectric film 1008 like the PSG film or the arsenic dope silicate 
glass film as a source of a dopant according to the example of everything [ part / for the gate electrode 
1002 and N type super-******** ] but this invention are included. The P type ingredient 1004 can be 
made into P well formed in the P type substrate or the substrate, about 0.25 micrometers a device form — 
about 100A - 200A PSG thickness and the about 100A - 200A USG film — about 0.05 micrometers of a 
suitable example - about 0.1 micrometers Lynn carried in the semiconductor material of the depth of the 
range is obtained. In order to obtain a part for N type or P type super-******** by the application, it 
stands to reason that it is recognized that other dope silicate glass film is used. 

[0136] Other examples of use of this invention form a super—** dope field in the shallow trench isolation 
construction between devices as a channel stop. Application of this approach of forming a super-** 
channel stop field is described about drawing 35 - drawing 41 . 

[0137] Drawing 35 is the simple sectional view of shallow trench isolation construction perfect on the 
partial target formed in the semiconductor material 1 1 00. A trench 1 102 is formed in a semiconductor 
material 1100 using an anisotropic etching technique including reactive ion etching, plasma etching, or 
other technique so that drawing 35 may see. A semiconductor material 1 100 can be made into P well 
formed in a P type substrate or a substrate in this example. A mask 1 1 04 is used in order to form a 
channel stop field by shallow trench separation. The dope dielectric layer 1 106 is formed on a trench 1 102 
in the bottom using a mask 1 104 using the process recipe stated to a detail. The dope dielectric layer 1 106 
supplies the source of a dopant atom which diffuses and forms the channel stop doping field used in order 
to prevent a track from forming between the devices of a semiconductor material 1 100. About the P type 
ingredient 1 100, the dope dielectric layer 1 106 can be used as the BSG film as a source of a P type 
dopant. 

[0138] NF3 later mentioned about the front face of a trench 1 102 before forming the dope dielectric layer 
1 106 on a trench 1 102 The gate oxide or native oxide which can exist by using the remote microwave 
plasma system 55 which supplies the fluorine radical in the remote plasma formed using reactant gas 
[ like ] is washed. Among a washing step, a gate valve 280 is opened so that a fluorine radical may flow 
from a conduit 47 to a chamber 1 5 through the distribution plate 20 through the annular external path 297. 
Since the heater 25 which has a wafer on it is lowered to the location of washing, the wafer of the oxide 
which can exist in the front face of a trench 1 102 and which is not desirable can be washed without a 
fluorine radical damaging a substrate. Washing of the oxide makes possible the dopant of the driveHn which 
was in agreement from the dope dielectric layer 1 106 formed on a trench 1 102. Deposition of a washing 
step and the dope dielectric layer 1 106 is performed within a chamber 15 in a spot process. Setting in the 
alternative-like example, a washing step is NF3 as mentioned above. It is carried out by carrying out spot 
pyrolysis. Next, NF3 The plasma or the fluorine radical from a steam washes the oxide which can exist in 
the front face of a trench 1 102. In other alternative-like examples, a chamber with the above-mentioned 



separate multi chamber system is used for the washing step. Since the water absorption by the wafer is 
avoided by not destroying the vacuum of a chamber 15 (or multi chamber system), the front face of a 
trench 1 102 does not have a native oxide barrier. After a washing step is performed, a gate valve 280 is 
closed. The dopant from the dope dielectric layer 1 106 forms a part for super-******** which is easily 
carried by homogeneity in a substrate and gives shallow trench separation and which is used as a channel 
. stop field, without having a native oxide barrier. It is moved to a processing location and the heater 25 
which has a wafer on it is heated by the elevated temperature (about 500 degrees C - 700 degrees C) 
which deposits a layer 1106. 

[0139] A wafer is still in the chamber 15 of a drive-in step after deposition of the dope dielectric layer 
1 1 06. A gate valve 280 is closed and a heater 25 is heated by the elevated temperature (about 800 degrees 
C). Heating is produced the time of the assignment based on the desired junction depth needed for 
diffusion. Moreover, a wafer is moved to an annealing electric furnace or a rapid heat treatment reactor 
(preferably inside of a multi chamber system), in order to send a dopant to the P type ingredient 1 100 from 
a dope dielectric layer. The dope dielectric layer 1 1 06 is used as a source of P type dopant diffusion of the 
super-** channel stop field 1 108 obtained as shown in drawing 36 . The super-** channel stop field 1 108 
is P+ form field formed in the P type ingredient 1 100. 

[0140] The dope dielectric layer 1 106 is removed from the P type ingredient 1 100 by the wet etching 
method or other removal methods after diffusion. Preferably, since a wafer is still in a chamber 1 5, a gate 
valve 280 can etch the free radical from the remote microwave plasma system 55 from a layer 1 106 while 
being opened wide. It stands to reason that the reactant gas input to the plasma system 55 is influenced 
by the class of dope dielectric layer 1 106. Drawing 37 is perfect shallow trench isolation construction 
partially after removal of the dope dielectric layer 1106. Next, a trench 1102 is filled up with oxide 1110 and 
forms shallow trench isolation construction so that drawing 38 may see. In a suitable example, the high 
quality USG film deposited at the elevated temperature is used as an oxide 1110 filled up with the trench 
of a high aspect ratio. Even if an oxide 1110 uses other depositing methods, it is formed. 
[0141] After completing the shallow trench isolation construction which has the super-** channel stop 
field 1 108, it is formed as the devices 1112 and 1114 divided by shallow trench isolation construction are 
shown in drawing 39 . As for devices 1112 and 1114, the gate electrode 1116, and the adjoining adjoining 
source / drain fields 1118 and 1 120 are included respectively. Then, the remaining process step which 
completes a device is preferably performed by the multi chamber system by moving a wafer to other 
channels. After moving a wafer from a chamber 1 5, as above-mentioned drawing 30 - drawing 34 were 
described, chamber clarification is performed using the remote microwave plasma system 55, and the heat- 
resistant heater 25 is adjusted to a washing location, and opens a gate valve. 

[0142] In the alternative-like example, the step shown after the step shown in drawing 35 at drawing 40 - 
drawing 41 is performed. After being formed on a trench 1 102 and a mask 1 104 so that the dope dielectric 
layer 1 106 may be looked at by drawing 35 , a capping layer 1110 like USG on the dope dielectric layer 
1 106 is formed within a chamber 15 in a spot process. A gate valve 280 is closed during deposition of the 
capping layer 1110. Next, as above-mentioned drawing 36 was described, spot heating of the substrate is 
carried out within a chamber 1 5 for the dopant drive-in which diffuses a dopant from the capped dope 
dielectric layer 1 1 06 to a semiconductor material 1 1 00. Moreover, as above-mentioned drawing 36 was 
described, in order to move from the capped dope dielectric layer 1 106 to the annealing electric furnace 
aluminum rapid heat treatment reactor (preferably inside of a multi chamber system) which diffuses a 
dopant to a semiconductor material 1 100, a wafer is taken out from a chamber 15. The dopant from the 
dope dielectric layer which has the cap layer 1110 upwards is spread in a semiconductor material 1 100, and 
forms the super-** channel stop field 1 108 so that drawing 41 may see. The cap layer 1110 makes gas 
drainage of a upward dopant the minimum from the dope dielectric layer 1 106, and its dopant diffused to 
the substrate ingredient 1100 increases. After a diffusion step is performed, a gate valve 280 acquires 
perfect shallow trench separation on the partial target by which the both sides of the cap layer 1100 and 
the dope dielectric layer 1106 are etched using the remote microwave plasma system 55 by suitable 
etching chemistry, and are shown to drawing 37 for the remaining processing step of drawing 38 - drawing 
39 while being opened wide. When a wafer is moved from a chamber 1 5, a gate valve 280 is in the closed 
location. Next, chamber clarification of a chamber 1 5 is performed by operating the plasma system 55 
which opened the gate valve 280 wide. 

[0143] About the shallow trench separation between the NMOS transistors of a P type substrate, the dope 



dielectric film 1 106 can consider as the BSG film. The dope dielectric film 1 106 can be used as the PSG 
film or the arsenic dope silicate glass film about the shallow trench separation between the PMOS 
transistors of an N type substrate (or N well of a CMOS circuit). The depth is about 0.5 micrometers. 0.35 
micrometers which has a trench 1 102 About a small device form like the following, it is about 0.1 
micrometers. The channel stop field 1108 of the junction depth is formed using the BSG film 1106 with a 
thickness [ of the suitable example of this invention ] of about 200A, and USG capping with a thickness of 
about 200A. 

[0144] It must be understood that the simple integrated circuit 900 is a thing for only explanation. This 
contractor can enforce this approach to manufacture of other integrated circuits, such as a 
microprocessor, an application specification integrated circuit (ASICS), and a memory device. Furthermore, 
PMOS, MNOS, CMOS, and bipolar ** are applied for this invention to a BiCMOS device. This invention is 
used for other applications for which it asks for a super-** dope field although a part for the super-** 
source / drain joint and the super-** trench separation application are mentioned above. This invention is 
used for forming the non-doping oxide useful as various layers of an integrated-circuit device and dope 
oxide containing PMD, IMD, inactivation, and the Damascus layer again. 

[0145] Concrete wafer washing, deposition, and chamber washing process which are operated to the spot 
in a chamber 15 or each according to the various examples of this invention are described below. 
[0146] B. According to each example of washing this invention of the native oxide before deposition, it is 
washed before deposition of the dope dielectric layer for which the native oxide which can exist on the 
silicon substrate or field where it asks for a super-** doped junction part is used as for example, the 
source of dopant diffusion, or a PMD layer. It sets in the example and is NF3 by the remote microwave 
plasma system 55. A native oxide is washed by using the fluorine radical from the plasma generated with 
the reactant clean gas [ like ]. If the spot process in 1 chamber or the chamber of the same multi chamber 
system is used, while the high quality for super-******** generated according to each example of the is 
possible, moisture content is able to give few [ and ] small dielectric layers of shrinkage. 
[0147] each example — setting — a chamber 15 — all washing processes — deposition temperature and 
the temperature of the range of about 300 degrees C - 650 degrees C — it is preferably maintained at 
about 550 degrees C - 600 degrees C. while a chamber 15 maintains the temperature — the pressure of 
the range of about 1 torr - 2torr — it is preferably maintained by about 1.5 torKs). A heater 25 is moved to 
the location of 15mm (about 600 mil) from the gas distribution plate 20, a gate valve 280 is opened wide, 
and it is a clean gas NF 3. It is introduced at the rate of about 600 sccm(s) to the applicator tubing 292. 
For a clean gas, after being introduced to the applicator tubing 292 and stabilizing the pressure for about 3 
seconds, microwave energy is NF3 in the applicator tubing 292. It is added. Next, about 500-2500W of 
about 1 000-1 500W microwave power is preferably applied for about 5-10 seconds from the magnetron 
71 1 operated in CW mode. Microwave is spread through a waveguide and an optimization system from a 
magnetron 71 1 as mentioned above, and goes into the applicator tubing 292 through an aperture. The UV 
lamp 731 lights the reactant gas in the applicator tubing 292, and generates the plasma, and ionization is 
maintained by the microwave energy which goes into the applicator tubing 292 by the aperture. The free 
radical from the upper plasma generated with the applicator tubing 292 is outputted so that it may flow into 
an inlet port 290. A free radical flows the path where it was backed in the enclosure assembly 200 through 
the open gate valve 280 at the annular external path 297 to the conduit 47 of the clean manifold 270, and 
enters a chamber 15, and washes a native oxide from a wafer. Next, the clean gas reaction component and 
the oxide residue which were used are exhausted through an open throttle valve from a chamber 15. This 
explanation is a thing about the chamber 1 5 whose full capacity is about 61. It is recognized that you may 
change with the sizes and the classes of chamber for which a flow value is used in other examples. 
[0148] In each example, in the chamber 15 maintained by the low pressure, rapid removal of fluorine 
chemical species arises and a bad washing result is brought from about 1 torr - 2torr. By the pressure 
higher than about 1 torr - 2torr, recombination may be caused for the damage over causing overheating in 
an impact loss list, and the applicator tubing 292. A chamber 15 must be maintained on the pressure level 
on which fluorine chemical species are not removed quickly, and recombination does not happen, and the 
applicator tubing 292 does not break. In a certain example, when microwave power is impressed, a chamber 
pressure is restricted by the physical magnitude and the ingredient of the applicator tubing 292. In each 
example, when microwave power is impressed, the pressure of the applicator tubing 292 can be about 3 
times the optimal chamber pressure. When used by the rate of flow from which different applicator tubing 



differs, the optimal chamber pressure is changed. When the applicator tubing 292 is used without adding 
microwave, it stands to reason that any pressures are used. 

[0149] Since the plasma is generated by the upstream of a wafer, only the reactant fluorine radical in the 
plasma can reach a wafer, and washes a native oxide from a wafer. As mentioned above, as for a washing 
step, about a typical native oxide with a thickness of about 90A, it is desirable to be carried out for [ about 
, 5 seconds - ] 10 seconds. The above-mentioned washing step is about 2 micrometers. Native oxide is 
etched the rate for /. It stands to reason that the total time of a washing step is influenced by the 
thickness of each oxide washed from a wafer. In the remote microwave plasma system 55 of this invention, 
native oxide or other oxide is etched and the plasma damage over a wafer is avoided. 

[0150] Other conditions are used although the above-mentioned wafer washing process conditions are the 
examples of this example. The above-mentioned explanation only suited 200mm wafer as an example like 
explanation of the following various deposition. It sets to the Giga FilKtrademark) Centura system marketed 
from Applied Materials, and is NF3. It has stated, however, NF3 N2 and NF3 An argon and NF3 02, dilution 
F2, CF4, C two F6, C three F8, SF6, or CI2 etc. — other fluorine content or chlorine content gas is used 
similarly. 

[0151] C. According to the approach of concrete silicate glass deposition this invention, the dielectric layer 
used as a source of a dopant, a PMD layer, an IMD layer, an oxide packed bed, a capping layer, or other 
layers are formed using either of several sorts of different processes. The process recipe of the BSG film, 
the PSG film, the BPSG film, and the USG film is shown as an example of the dope used for this invention, 
and a non-doping dielectric layer. A gate valve 280 is closed by the following deposition of various 
dielectric films (unless the remote plasma system 55 of other examples is used for deposition). A concrete 
process is the single-wafer-processing wafer SACVD system which was performed by CVD system 10 and 
sealed in the suitable example. 

[0152] CVD system 10 is used with the additional source of input gas supply again, and/or it deposits 
similarly BPSG, arsenic dope silicate glass (AsSG), or other dielectric layers and they differ. It stands to 
reason that this contractor understands being used since other process recipe and other systems of 
reaction like the plasma enhancement CVD (PECVD) deposit a dielectric film. As an example of the source 
of boron, TEB, trimethyl borate (TMB) f diboron hexahydride (B-2 H6), and other analogue are mentioned. 
As an example of the source of Lynn, they are phosphoric-acid triethyl (TEPO), phosphorous acid triethyl 
(TEPi), trimethyl phosphate (TMOP), and phosphorous acid TORIMECHIRU (TMPi). And other analogue is 
mentioned. An arsenic dope oxide or silicic-acid arsenic glass (AsSG) is also deposited using the arsenic 
compound diluted with the argon other than BSG or the PSG film as the source of a liquid or an example 
with an arsenic compound. As an example of the source of silicon, a silane (SiH4), TEOS, or the source of 
similar silicon is mentioned, and 02, 03, microwave product atom oxygen (O), etc. are mentioned as 
oxygen. By the following explanation, the rate of flow of the source of a liquid is a part for milligram/, (mgm) 
It is shown and a gas flow rate is shown by part (seem) for standard cubic-centimeter/. By the explanation, 
the source of a liquid is the liquid rate of flow by being evaporated using a precision liquid impregnation 
system and doubling the liquid rate of flow abbreviation 1 .923. Since mgm is changed by gas flow rate 
seem, fluidity is computed. A desirable stable dope dielectric film is TEOS/03 in a SACVD process. It is 
formed using chemistry and a part for super-******** doped by the homogeneity which does not have 
damage in a certain example is formed. TEOS/03 according [ on other examples and / the dope dielectric 
film of low moisture content ] to a SACVD process It is formed using chemistry and the low and small 
flattening insulating layer of fluorine incorporation of metal mixing with little shrinkage with high 
philharmonic an aspect ratio gap is obtained. 

[0153] 1. concrete BSG ****** — the BSG film deposition described below can only form as an example 
the BSG film useful as a dope dielectric layer used as a source of dopant diffusion. Naturally recipes may 
differ based on each use of a BSG layer, and desired quality. The PSG layer formed as a dope dielectric 
layer used as a source of dopant diffusion is transposed to the gas which has a source of a dopant used, 
using the following recipe, and is formed similarly. 

[0154] the concrete BSG bulk film — a wafer and a heater 25 — the temperature of about 200 degrees C 
- 650 degrees C — preferably, it heats at about 500 degrees C most preferably, and deposits the 
temperature of about 400 degrees C - 650 degrees C, and by maintaining this temperature requirement 
throughout deposition. With the closed gate valve 280, a chamber 1 5 is maintained by the pressure of the 
range of about 10 torKs) - 760torr. A pressure is maintained within the limits of about 400 torKs) - 



600torr, and is most preferably maintained by about 600 torKs). As for a heater 25, it is desirable for it to 
be arranged from the gas distribution plate 20 at about 3mm - 8mm (about 150 to 300 mil), and to be 
arranged from a plate 20 at about 6mm (about 250 mil). 

[0155] It is 03 as TEOS and a source of gas of oxygen as TEB and a source of silicon as a source of 
boron. The included process gas is generated. After TEB and the source of TEOS which are a liquid are 
-evaporated, they are mixed with inactive carrier gas like helium. The control of the capacity of the reaction 
component liquid which each was evaporated by the liquid impregnation system in the gas mixture system 
93, and was introduced by it of a liquid is large, the rate of flow of TEB — desired dopant concentration — 
being based — about 50 to 550 mgm — it is — the TEOS rate of flow — about 300 mgm - 1000 mgm — it 
is about 500 mgm preferably. Next, TEOS and TEB gas which were evaporated are mixed with the rate of 
3000sccm - 6000sccm, and the gaseous helium carrier which is flowing at the rate of about 4000 sccm(s) 
preferably. 03 Formal oxygen is introduced by the rate of flow of about 3000 sccm(s) - 6000sccm, and is 
preferably introduced by the rate of flow of about 5000 sccm(s). Ozone mixture contains about 5 
percentage-by-weight (wt %) - 16wt% oxygen. It is introduced from the distribution plate 20 to a chamber 
15, reactant gas is supplied to a substrate front face, a heat induction chemical reaction occurs, and a gas 
mixture object generates the desired film. 

[0156] The above-mentioned conditions can obtain the BSG film deposited the rate for part [ for 500A/- ], 
and 1000A/. By controlling assembly time, thickness is formed in about 10 seconds - 60 seconds on about 
50A - 500A and the desirable process conditions above-mentioned [ about 100A - 300A BSG ]. Therefore, 
the thickness of the deposited BSG film is controlled easily. The range of wt% of the boron of the obtained 
BSG film range is about 2 wt(s)% - 8wt%, and it is about 6 wt(s)% preferably. 

[0157] 2. concrete PSG ****** — the following PSG film deposition recipe can only form the PSG film 
useful as a PMD layer as an example. Naturally recipes may differ based on each use of a PSG layer, and 
desired quality. Other dope dielectric layers are used for ** of the PSG film etc. as a PMD layer by 
transposing to the source gas of a use dopant, using the following recipe and the same recipe. 
[0158] the concrete PSG bulk film — a wafer and a heater 25 — the temperature of about 200 degrees C 

- 650 degrees C — preferably, it heats at about 500 degrees C most preferably, and deposits the 
temperature of about 400 degrees C - 650 degrees C, and by maintaining this temperature requirement 
throughout deposition. With the closed gate valve 280, a chamber 1 5 is maintained by the pressure of the 
range of about 10 torKs) - 760torr. A pressure is maintained within the limits of about 400 torKs) - 
600toir, and is most preferably maintained by about 450 torKs). As for a heater 25, it is desirable for it to 
be arranged from the gas distribution plate 20 at about 3mm - 8mm (about 1 50 to 300 mil), and to be 
arranged from a plate 20 at about 6mm (about 250 mil). 

[0159] It is 03 as TEOS and a source of gas of oxygen as TEPO and a source of silicon as a source of 
Lynn. The included process gas is generated. After TEB and the source of TEOS which are a liquid are 
evaporated by the liquid impregnation system, they are mixed with inactive carrier gas like helium, the rate 
of flow of TEPO — desired dopant concentration — being based — about ten to 100 mgm — it is — the 
TEOS rate of flow — about 500 mgm - 1 500 mgm — it is about 1 000 mgm preferably. Next, TEOS and 
TEB gas which were evaporated are mixed with the rate of 2000sccm - 6000sccm, and the gaseous helium 
carrier which is flowing at the rate of about 4000 sccm(s) preferably. 03 Formal oxygen (it has about five 
to 1 6 wt% oxygen) is introduced by the rate of flow of about 2500 sccm(s) - 6000sccm, and is preferably 
introduced by the rate of flow of about 4000 sccm(s). It is introduced from the gas distribution plate 20 to 
a chamber 1 5, reactant gas is supplied to a substrate front face, a heat induction chemical reaction occurs, 
and a gas mixture object generates the desired film. 

[0160] The PSG film deposited the rate for about 1 780A/according to the above-mentioned conditions is 
obtained. By controlling assembly time, the range of wt% of Lynn in the obtained PSG film is about 2 wt(s)% 

- 8wt%, and it is about 4 wt(s)% preferably. 

[0161] 3. concrete BPSG ****** — the BPSG film deposition described below can only form the BPSG 
film useful as a PMD layer as an example. Naturally recipes may differ based on each use of a BPSG layer, 
and desired quality. 

[0162] the concrete BPSG bulk film — a wafer and a heater 25 — the temperature of about 100 degrees 
C - 800 degrees C — preferably, it heats at about 480 degrees C most preferably, and deposits the 
temperature of about 400 degrees C - 650 degrees C, and by maintaining this temperature requirement 
throughout deposition. With the closed gate valve 280, a chamber 15 is maintained by the pressure of the 



range of about 10 torKs) - 760torr. A pressure is maintained within the limits of about 150 torKs) - 
600torr, and is most preferably maintained by about 200 torKs). As for a heater 25, it is desirable for it to 
be arranged from the gas distribution plate 20 at about 3mm - 10mm (about 150 to 400 mil), and to be 
arranged from a plate 20 at about 8mm (about 300 mil). 

[0163] It is 03 as TEOS and a source of gas of oxygen as TEPO and a source of silicon as TEB and a 
• source of Lynn as a source of boron. The included process gas is generated. After TEB, TEPO, and the 
source of TEOS which are a liquid are evaporated by the liquid impregnation system, they are mixed with 
inactive carrier gas like helium. It stands to reason that it is recognized that other sources of supply of 
boron, Lynn, silicon, and oxygen are used. As for the rate of flow of TEB, it is desirable that they are about 
1 50 mgm - 200 mgm. the rate of flow of TEPO — desired dopant concentration — being based — about 
ten to 100 mgm — it is about 24 mgm preferably and the TEOS rates of flow are about 300 mgm - 700 
mgm. Next, TEO, TEB, and TEOS gas which were evaporated are mixed with the rate of 2000sccm - 
8000sccm, and the gaseous helium carrier which is flowing at the rate of about 6000 sccm(s) preferably. 03 
Formal oxygen is introduced by the rate of flow of about 2000 sccm(s) - 5000sccm, and is preferably 
introduced by the rate of flow of about 4000 sccm(s). Ozone mixture contains about 5 percentage-by- 
weight (wt %) - 1 6wt% oxygen. It is introduced from the distribution plate 20 to a chamber 1 5, reactant gas 
is supplied to a substrate front face, a heat induction chemical reaction occurs, and a gas mixture object 
generates the desired film. 

[0164] According to the above-mentioned conditions, the BPSG film deposited the rate for part [ for 
3500A/- ] and 5500A/is obtained. By controlling assembly time, the thickness of the deposited BPSG film 
is controlled easily. The concentration level of the boron of the obtained BPSG film range is 2wt(s)% - 
6wt%, and the concentration level of Lynn is 2wt(s)% - 9wt%. 

[0165] The parameter in Above BSG and PSG. a BPSG process, and the following USG process should not 
be regarded as what restricts a claim. For example, this invention is applicable to the oxidation silicone film 
doped by other dopants like an arsenic. As other examples, although the above-mentioned flow value is 
applied to the chamber prepared for 200mm wafer, it may change with the classes or sizes of a use 
chamber. This contractor can also use other chemistry, chamber parameter, and conditions of 
manufacturing the same film. 

[0166] It is thought that film stability can be the factor of the availability of the dopant atom in the dope 
dielectric film diffused to a semiconductor material. Several sorts of methods of improving the capacity 
which improves film stability and controls the dopant diffusion to a semiconductor material from a dope 
dielectric film were investigated. The indicated all directions method is performed about a dope dielectric 
layer, after a layer deposits using a recipe like one sort of the above-mentioned concrete deposition 
recipe. Furthermore, although the following approach is related with processing of BSG (or PSG), the 
approach is applicable also like a dope oxidation silicone film. 

[0167] 4. the operative condition of a concrete USG film deposition a. oxide packing material or insulating- 
layer this invention — if it depends like — a non-doping silicate glass (USG) layer — for example, in order 
to use it as an oxide packing material filled up with the shallow trench used for shallow trench separation, 
deposit with CVD system 10. It stands to reason that the KSG film is used as an IMD layer, an insulating 
layer, or other layers. The concrete USG recipe described below gives the uniform film with a very high and 
consistency which can remain annealing of temperature higher than 800 degrees C by the minimum 
contraction. The USG film which is excellent in the gap philharmonic engine performance of the step 
coverage of a high aspect ratio can make several times of etching processes perform with a very uniform 
etch rate, without opening the void of USG. The USG film can make chemical machinery-polishing (CMP) 
flattening perform again, without opening a void or a wrinkling in USG. 

[0168] a wafer and a heater 25 — the temperature of about 200 degrees C — ' 650 degrees C — it is 
preferably heated by the temperature of about 550 degrees C - 650 degrees C, and is maintained 
throughout deposition of this temperature requirement. A heater 25 is arranged from the gas distribution 
plate 20 at about 6mm - 1 0mm (about 250 to 400 mil), and its about 9mm (about 350 mil) is desirable, the 
closed gate valve 280 — the pressure of a chamber 15 — about 10torKs)- it is preferably maintained on 
the level of about 600 torKs) 760 torr. 

[0169] Process gas including oxygen and the source of silicon is introduced to a deposition chamber, a 
suitable example — setting — the source of silicon — TEOS — it is — the source of oxygen — 03 it is - 
- although — it is recognized by this contractor that the silicon source of supply and 02, H2 O, N2 O, the 



microwave product atom oxygen, and the similar source of supply of an addition like SiH4, TMCT, or a 
similar source of supply are also used. When TEOS is used as a source of silicon, it is helium or N2. Carrier 
gas [ like ] is used. 03 to TEOS Although the range of a ratio is about two to 17:1, it is about 2-6:1 
preferably. 

[0170] The optimal full flow of a gas reaction component differs according to the form of a deposition 
" chamber, and a design. It can be made to change in order that a gas flow may also control the rate of 
sedimentation. Typically, as for TEOS, it is desirable for it to be introduced by the rate of flow of about 500 
mgm - 2500 mgm, and to be introduced by the rate of flow of about 2000 mgm. 03 (about 5 wt(s)% - 16wt% 
oxygen) — about 2000sccm(s)- it is preferably introduced by the rate of flow of about 5000 sccm(s) 10000 
seem, helium or nitrogen — the rate of flow of 2000sccm - 10000sccm — it is preferably introduced by 
the rate of flow of about 7000 sccm(s). usually, the full flow of the gas to the deposition chamber of gas — 
about 5000sccm(s)- it changes by about 1 5000 sccm(s) preferably 20000 seem. The above rate of 
sedimentation is obtained by about 1450A/under the above-mentioned condition. The above-mentioned 
flow value is a thing for 200mm wafer chamber, and changes with the size of a use chamber, and sizes of a 
wafer. 

[0171] b. According to other examples of capping layer this invention, a deposition BSG (or PSG) layer is 
capped in another thin USG layer. A USG capping layer is the stable film which cannot absorb moisture 
easily. Therefore, a USG capping layer prepares the non-dense water surface on the BSG (or PSG) layer 
prevented from the moisture in a perimeter being absorbed to the BSG (or PSG) film. Furthermore, a USG 
capping layer is the film with a high consistency relatively, and bars generating of boron (or Lynn). Having, a 
USG capping layer makes control of many dopant atom diffusion easier than that in a downward dope 
dielectric layer to a semiconductor material. If it does not have a USG capping layer, a dopant atom has 
some which can separate from a semiconductor material during consecutive annealing or rapid heat 
treatment, and can be diffused upward. Therefore, use of a capping layer contributes to diffusion and 
control of the depth of junction. Although a USG layer is deposited in a processing chamber different from 
a BSG (or PSG) layer, it is desirable to be carried out as a spot process in the chamber 15 which 
deposition of a BSG (or PSG) layer produces. It stands to reason that many processes which form a 
capping layer are possible. 

[0172] The following process which forms a USG layer is with an example, arid is described. A non-doping 
silicate glass layer is used as an insulating dielectric layer, without using the dope dielectric layer which it 
is not only used as a capping layer as follows, but is downward. 

[0173] About 200 degrees C - 600 degrees C, preferably, a wafer and a heater 25 are heated to the 
temperature of the range of about 500 degrees C, and are maintained throughout deposition of this 
temperature requirement. A heater 25 is arranged from the gas distribution plate 20 at about 6mm - 9mm 
(about 250 to 350 mil), and its about 8mm (about 300 mil) is desirable, the closed gate valve 280 — the 
pressure of a chamber 15 — about 50 torKs) - 760torr — desirable — about 200torKs)- it is most 
preferably maintained on the level of about 400 torKs) 600 torr. 

[0174] Process gas including oxygen and the source of silicon is introduced to a deposition chamber, a 
suitable example — setting — the source of silicon — TEOS — it is — the source of oxygen — 03 it is - 
- although — it is recognized by this contractor that SiH4, the silicon source of supply of an addition like a 
silane and 02, H2 O, N20, a similar source of supply, and other sources of oxygen like the mixture are 
used. When TEOS is used as a source of silicon, helium or carrier gas like nitrogen is used. 03 to TEOS 
Although the range of a ratio is about two to 17:1, it is about 2-6:1 preferably. 

[0175] The optimal full flow of a gas reaction component differs according to the form of a deposition 
chamber, and a design. It can be made to change in order that a gas flow may also control the rate of 
sedimentation. Typically, as for TEOS, it is desirable for it to be introduced by the rate of flow of about 500 
mgm - 2500 mgm. and to be introduced by the rate of flow of about 1000 mgm - 1250 mgm. 03 (about 5 wt 
(s)% - 1 6wt% oxygen) — about 2000sccm(s)- it is preferably introduced by the rate of flow of about 7000 
sccm(s) 10000 seem, helium or nitrogen — the rate of flow of 2000sccm - 6000sccm — it is preferably 
introduced by the rate of flow of about 4000 sccm(s). usually, the full flow of the gas to the deposition 
chamber of gas — about 5000sccm(s)- it changes by about 1 5000 sccm(s) preferably 20000 seem. About 
500A a part for /-, and 1500A the rate of sedimentation for /are obtained under the above-mentioned 
condition. The above-mentioned flow value is a thing for 200mm wafer chamber, and changes with the size 
of a use chamber, and sizes of a wafer. 



[0176] The following process which forms a USG capping layer is described as an example. About 50A - 
500A of USG cap layers of suitable covering is about 100A - 300A preferably. However, this contractor 
understands that the capping layer of the thickness which changes with each covering and sizes of a 
device form is used. Although it is not indispensable depending on covering and gap size for which the 
deposition film is used, it is desirable that a capping layer and a dope dielectric layer are relatively thin. 
.About a thin layer, assembly time and etching time decrease compared with a thick layer. A USG capping 
layer is deposited and the both sides of a USG layer and a dope dielectric layer are etched. It is also 
recognized that a different capping layer like the stable oxide film with which others were similar is used for 
capping a dope dielectric layer. Furthermore, a USG cap layer is formed on the dope dielectric film 
deposited by APCVD, PECVD, or LPCVD instead of SACVD. As mentioned above, use of the chamber 15 
which performs a multistage process on that spot is the most desirable, and use of the multi chamber by 
which a vacuum is not destroyed during migration of the substrate between the chambers of the versatility 
in a multi chamber system is desirable. 

[0177] According to other examples of this invention, the spot USG or a similar cap layer is formed on a 
dope dielectric film by stopping the source of boron, or the source of Lynn just before completion of 
deposition of a dope layer. In this example, a dope dielectric layer like BSG (or PSG) is formed as 
mentioned above first. Next, the flow to the chamber 15 of the source of a dopant is stopped, and thermal 
reaction continues for [ 1 more second - ] 30 seconds. Preferably, thermal reaction continues for about 3 
second - 10 seconds. In this example, since it is stopped by closing the bulb of the supply line of a source 
of supply by the source of a dopant, thermal reaction is maintained without a dopant for at least 5 seconds. 

[01 78] Stopping the source of dopant gas is having to adjust the time amount concerning gas progressing 
to the gas mixture system 93 through the face plate of a plate 20 next from the point of a bulb naturally. 
By most CVD machines, since several seconds are required for gas to flow from an impregnation bulb to a 
deposition chamber, it has preceded permitting the delay enough and must be closed down. Therefore, 
when TEB is a source of boron, if the bulb of a TEB supply line is closed several seconds before [ of the 
completion of deposition ] a BSG layer, the thin USG cap which prevents the above-mentioned water 
absorption and generating of a gas drainage phenomenon will be obtained. 

[01 79] Spot deposition of the USG cap formed in the dope dielectric layer brings about the immunity to an 
improvement of stability and water absorption, and contributes to the control by which the diffusion which 
forms a super-** dope field was improved. 

[0180] In order use of a USG capping layer is instead alike, or to decrease the water absorption of a dope 
dielectric layer and to improve stability in addition, the plasma treatment of a dope dielectric layer is used. 
In the example equipped with RF plasma system, plasma eburnation processing in which the plasma damage 
over a device is not intentionally related is used. In a certain example, deposition at temperature higher 
than about 500 degrees C is sufficient temperature to obtain a dielectric film with a high consistency. An 
improvement of the stability of a plasma treatment dope dielectric layer contributes to control amelioration 
of the diffusion which forms a super-** dope field. A chamber 1 5 is maintained by about 1 torr - 5torr 
during plasma eburnation processing. A gate valve 280 is closed and the plasma generated using reactant 
gas like nitrogen (N2), ammonia (NH3), or an argon is introduced into a chamber 15. the plasma treatment 
used — only — as an example — N2 Reactant gas [ like ] is introduced into the gas mixture system 93 at 
the rate of about 1000 sccm(s) mixed with helium by 1000sccm(s). About RF plasma system, it is about 
350MHz. (MHz) It is made to operate with the power level of about 450W of RF frequency, and the plasma 
is made to generate in a chamber 1 5. It may work so that a protective coat may be put on the front face of 
a dope dielectric layer, and the nitridation of the plasma may be carried out on the front face. Therefore, 
plasma treatment carries out eburnation of the dope dielectric film. Many dopants can be used for forming 
a part for super-******** from that in the eburnation dope dielectric film which has resistance in water 
absorption. 

[0181] D. Spot deposition and/or heating process CVD system 10 for reflow have the thermophylic ability 
which makes possible the spot heating step of a deposition process and coincidence about the wafer with 
the spot heating step after a deposition process, or one-step deposition / reflow process same about the 
same wafer of two-step deposition / reflow process. In order to use it as a PMD layer formed on the high 
aspect ratio transistor or the separation trench, flattening is required for un-doping like PSG, or a dope 
dielectric film mostly, and it is important for forming an integrated-circuit device. Flattening of a dope 



dielectric layer is performed by carrying out a reflow of the layer at an elevated temperature. Performing a 
reflow contributes to improving philharmonic a gap of the description of a high aspect ratio of the 
deposition film, especially a wafer. It stands to reason that other purposes and the heating step of covering 

'are also performed with CVD system 10. Although the following heating procedure is only utility as a 
concrete heating step used for a reflow, the dopant drive-in in covering or other heating steps of other 

. purposes are performed. 

[0182] Each example describes two-step deposition / reflow process below. The chamber 15 by which the 
gate valve 280 was closed is maintained by the pressure of about 200 torKs) - 760torr. About 500 degrees 
C - 800 degrees C of wafers and heaters 25 with a processing location of about 8mm - 9mm (about 330 
mil - 350mil) are preferably heated by about 550 degrees C - 650 degrees C within a chamber 15 from the 
gas distribution plate 20 for deposition processing about 5mm - 10mm (about 200 to 400 mil), if a reactant 
gas flow is stopped, in order that a wafer may carry out a reflow of the dielectric layer according to each 
example — a wafer — about 750 degrees C - 950 degrees C — desirable — about 750 degrees C - 850 
degrees C — about 5 minute - it is heated preferably for about 1 5 minute - 20 minutes for 30 minutes. 
Reflow temperature is the same as the deposition temperature of a two-step process, or can be made 
higher than it. Furthermore, about multistage deposition / reflow process, before inclining to reflow 
temperature, it inclines toward an intermediate temperature (or intermediate-temperature group) from 
deposition temperature. Naturally the time amount and temperature of a heating step may change with 
each layers of each which is performed covered and formed. 

[0183] The one-step deposition / reflow process by each examples of other are described. The chamber 
15 by which the gate valve 280 was closed is maintained by the pressure of about 200 torKs) - 760torr. 
About 750 degrees C - 950 degrees C of wafers and heaters 25 with a processing location of about 8mm - 
9mm (about 330 mil - 350mil) are preferably heated by the sufficiently high temperature of about 750 
degrees C - 850 degrees C from the distribution plate 20 within the chamber 15 which deposition and 
reflow simultaneous processing produce about 5mm - 10mm (about 200 to 400 mil). Naturally the time 
amount and temperature of deposition / reflow step may change with each layers performed. 
[0184] As mentioned above, if a wafer is maintained in the same chamber 15 of a spot multi-process, 
exposure of the wafer to the environment where moisture is absorbed, and contamination by the impurity 
will be prevented. Furthermore, when the dielectric film was deposited at temperature higher than about 
550 degrees C and it heats, the quality film with the high and consistency which does not form a void can 
be obtained. Deposition at the temperature of the deposition film also decreases shrinkage. 
[0185] E. After a processing step like a concrete step or the multistage processing step of chamber 
washing / seasoning / gettering process above is performed to the wafer in a chamber 15, a wafer is 
moved from the chamber 1 5 of the process step of the consecutiveness needed. When a vacuum lock door 
is the closed sealing chamber 15 which does not have a wafer on a heater 25, in order to remove the oxide 
which is not desired from the part of the chamber 1 5 including a chamber wall without backing of the part 
under a chamber 1 5, the bottom of a heater 25, and other chamber components, and/or the deposition 
process residue like a nitride, a chamber 15 can receive a chamber washing process. In order to make the 
reliable repeatability between wafers perform, chamber clarification removes the residue accumulated into 
the deposition process. The residue is washed from the plasma formed with the reactant clean gas of the 
remote microwave plasma system 55 from the chamber component by using a fluorine radical, for example. 
SiF4 sent with a pump from a chamber 1 5 for high reactivity with F atom Residual silicon oxide is removed 
by generation of a gas product. The following chamber washing procedure is performed after processing of 
all wafers or all several wafers. 

[0186] It sets in the suitable example of this invention, and is NF3. It is used as a clean gas which 
generates a fluorine radical. This invention is NF3. It is desirable to use the remote microwave plasma 
system 55 so that it may decompose and the flow of F atom to a chamber 1 5 may be produced. If 
fluorination study is used with the remote microwave plasma system 55 of this invention, it is 
advantageous that there is no generation of the physical sputtering effectiveness or charged species in the 
film which kinetic energy deposited small and succeedingly compared with the spot plasma process. 
Furthermore, it is in agreement with the environmental problem required of decreasing a global warming 
operation, and is NF3. Use does not generate a lasting perfluoro-carbon (PFC) product. 
[0187] In order to make the best cleanliness efficiency perform, F flux and its washing homogeneity must 
be optimized. A certain NF3 Generation of F atom beyond it with a microwave power setup of a threshold 



is compensated with a gas flow by recombination. Drawin g 42 is NF3 by each example of this invention 
which obtains the highest clarification rate, without having too much hardware cost. It is the graph which 
shows the relation between a flow and microwave saturation power. It is NF3 to which about 500 sccm(s) - 
950sccm correspond according to [ as shown in drawing 42 ] each example in microwave saturation power. 
It receives and is the range of about 1300W - 2100W. Microwave saturation power is [ as opposed to / 
.example / following / suitable / NF3 flow of about 950 sccm(s) ] about 2100W. Clarification homogeneity is 
controlled by the chamber pressure and heater spacing, and both sides can adjust the mean free path of 
gas chemical species and a pump profile. Since the maximum pressures permitted according to the above- 
mentioned example of the applicator tubing 292 were about 2 torKs) as stated above, spacing was set in 
order to optimize clarification homogeneity. Both a pressure and spacing are used for optimization of 
clarification homogeneity in other examples using the example from which the applicator tubing 292 differs. 
[0188] In a concrete chamber washing process, about 300 degrees C - 650 degrees C of chambers 15 are 
maintained by the temperature of the range of about 550 degrees C - 600 degrees C still more preferably 
throughout a washing procedure in a suitable example. A chamber 1 5 is most preferably maintained at the 
temperature as the temperature performed by the chamber 1 5 with the same concrete process. For 
example, within the chamber used since the PSG film was deposited at 600 degrees C as the above- 
mentioned example, a chamber clarification process is performed at 600 degrees C. Since the heater 25 at 
which the throttle valve was opened in and the gate valve 280 was shut is preferably arranged from the gas 
distribution plate 20 at 4mm (about 150 mil) about 3mm - 6mm (about 100 to 250 mil - 250mil), the gas 
distribution plate 20 is heated. Heating of the gas distribution plate 20 produces quick clarification, this 
heating step — about 3 second - it is preferably carried out for about 5 seconds for 10 seconds. 
[0189] Next, before clarification is performed, a pressure and a clean gas flow are stabilized the optimal. 
Among a reserve clarification stabilization step, a chamber 15 must be maintained the optimal on the 
pressure level for which the inside of a clarification step is also used, and in that case, fluorine chemical 
species are not removed quickly and do not produce recombination, either, a reserve clarification 
stabilization step — a chamber 15 — about 1torr- 2 torr, it became the pressure of about 1.5 torKs) 
preferably, and the gate valve 280 is opened wide. In the chamber 1 5 maintained by the pressure lower 
than about 1 torr - 2torr, removal of rapid fluorine chemical species arises and a chamber washing result 
worsens. In a chamber pressure higher than about 1 torr - 2torr, recombination may happen to a corrosion 
loss list for overheating to the applicator tubing 292, and damage. A heater 25 is preferably moved from the 
gas distribution plate 20 to the distance of about 15mm (about 600 mil) about 1 1mm - 18mm (about 450 mil 

- 700mil). A clean gas and NF3 It is preferably introduced at the rate of about 950 sccm(s) about 600 to 
1 100 seem to the applicator tubing 292. before, as for this reserve clarification stabilization step, 
microwave power is impressed into a chamber clarification step — about 2 second - it continues for about 
3 seconds preferably for 6 seconds. 

[0190] a chamber clarification step — setting — the reserve clarification stabilization conditions in a 
chamber 15 — the pressure of the range of about 1 torr - 2torr — it is preferably maintained by about 2 
torKs). When a washing procedure is performed, the microwave power which is about 500W - 2500W is 
impressed to the applicator tubing 292. Preferably, a magnetron 71 1 produces about 2.54 GHz microwave, 
and is operated in about 2100W CW mode to the desirable clean gas flow of about 950 sccm(s). Microwave 
is spread [ as mentioned above ] through an aperture through a waveguide and an optimization system in 
the applicator tubing 292 from a magnetron 711. The UV lamp 731 lights the reactant gas of the applicator 
tubing 292, and forms the plasma, and ionization is maintained by the microwave energy which goes into 
the applicator tubing 292 by the aperture. 

[0191] The fluorine radical from the plasma generated with the applicator tubing 292 with which microwave 
is impressed washes a front face for the oxidation residue which a chamber 15 is not flowed in and 
expected through the open gate valve 280 next among a chamber clarification step. Since the plasma is 
generated by the upstream of a chamber 15, only the reactant fluorine radical in the plasma can be 
reached and removed into the residue are recording part of a chamber 15. Therefore, the deposition 
process residue is washed, making direct plasma damage over a chamber 1 5 into the minimum about 
various parts of a chamber 15. chamber clarification — about 30 seconds - about 10 minutes — desirable 

— about 60 second - it continues for about 1 60 seconds most preferably for 200 seconds. Naturally 
chamber clarification time amount may change with the thickness and the classes of the oxidation residue 
in a chamber 1 5. As mentioned above, it is recognized that you may change with the dimensions and 



ingredients of applicator tubing in the size and the class list of a chamber which are used in other 
examples. The above-mentioned clarification process decreases the residual sediment which is not 
expected the rear face behind both a blocker and a gas distribution plate. 

[0192] As for a chamber 15, it is still more desirable after chamber clarification to be maintained at the 
above-mentioned temperature which described the above-mentioned deposition and a clarification process 
.among a post-clarification step. A clean gas flow stops to the end of a chamber clarification step, and 
microwave power is not supplied to it any longer. A chamber 15 carries out pump removal of most F 
residual atoms. After this, among a clarification exhaust air step, a heater 25 is preferably moved from the 
gas distribution plate 20 to the location of about 51mm (about 2000 mil) about 38mm - 59mm (about 1500 
mil - 2200mil), a throttle valve is opened wide, and a gate valve 280 is opened wide, an exhaust air step — 
about 5 second - for 20 seconds, it continues for about 10 seconds preferably, and is influenced by the 
amount of the clean gas reaction component exhausted from a chamber 1 5, and the residue. In order to 
help finding the stop time of after clarification exhaust air until all the deposition process residues are 
substantially removed from a chamber 15, a clarification terminal point detection system is also used. 
[01 93] After a fluorine system chamber washing procedure, when the following deposition process happens, 
adsorption of activity fluorine chemical species is shown in the front face of the chamber wall near the 
location in which a wafer is located. In the following deposition process, a fluorine interacts, or it is 
incorporated by the deposition film, and surface film susceptibility is caused. This film susceptibility 
appears as a coarse front face, poses a problem with the permissible dose demanded with a high 
integration device, and causes failure of a device. This invention offers the capacity which carries out the 
getter of the adsorption fluorine from the front face of a chamber wall by several sorts of following 
approaches. 

[0194] After a post-clarification exhaust air step, since the F is recombined for all isolation F chemical 
species by silicon oxide (Si02) deposition to a chamber wall by the chemical reaction or prehension, 
seasoning is performed. Post-clarification exhaust air and a seasoning step are performed in order to 
decrease the both sides of F content in formation of a particle, and the consecutive deposition film. 
[0195] There are other stabilization steps which a chamber pressure and a gas flow are stabilized [ steps ] 
and make the location of a seasoning step move a heater 25 between a post-clarification exhaust air step 
and a seasoning step the optimal, a gate valve 280 is closed at this stabilization step — having — a 
chamber 15 — about 20torKs)- it is preferably maintained by the pressure of 50torr(s) 70 torr. A heater 25 
is preferably moved to the location of about 1 3mm (about 500 mil) from the gas distribution plate 20 about 
8mm - 1 4mm (about 300 mil - 550mil). In each example, the seasoning step by which the current 
publication is carried out carries out seasoning of the chamber 15 with helium for consecutive silicon oxide 
deposition, using ozone and TEOS as carrier gas. It stands to reason that other gas is used for seasoning 
and a pre seasoning stabilization step according to the class of desired silicon oxide deposition, a pre 
seasoning stabilization step — about 200 mgm - 400 mgm — the liquid TEOS of the rate of flow of about 
300 mgm evaporates preferably — having — about 4000sccm(s)~ it is conveyed 8000 seem with the 
helium carrier gas which is flowing to the chamber 1 5 at the rate of about 6000 sccm(s) preferably. A gas 
flow is introduced through the applicator tubing 292 to a chamber 1 5, without impressing the usual inlet 
port used for deposition, or microwave, this stabilization step — about 5 second - for 25 seconds, it 
continues for about 15 seconds preferably, and a seasoning step begins from installation of the source of 
oxygen which begins to deposit seasoning oxide on a chamber 1 5 after that. The rate of flow from which 
ozone is used for each use deposition process at a heat seasoning step ( — a 550 above-mentioned 
degrees C experiment USG deposition process — about 5000 sccm(s) or a 600 above-mentioned degrees 
C experiment PSG deposition process — about 4000 sccm(s)) — about 10 second - for 20 seconds It is 
preferably introduced for about 15 seconds, and the thin layer of silicon oxide is deposited on the front 
face in a chamber 15 (for example, the oxygen of an experiment USG deposition process is about 12.5 wt 
(s)%, and the oxygen of an experiment PSG deposition process is about 8 wt(s)%). Among a seasoning step, 
in order to make fluctuation of an ozone flow and concentration into min, as for an ozone flow, it is optimal 
that it is in agreement with a deposition process. It can have and the seasoning chamber 15 can catch the 
fluorine atom which adsorbed on the front face of a chamber 15. 

[0196] The last stabilization and an exhaust air step are performed after the above-mentioned heat 
seasoning step. The last step is performed at the above-mentioned deposition temperature the optimal. At 
the last stabilization step, it makes it possible to open a throttle valve wide periodically and to adjust a 



chamber pressure to an atmospheric pressure, and a gate valve 280 is closed. A heater 25 moves from the 
gas distribution plate 20 to the location of about 25mm (about 999 mil) preferably about 20mm - 25mm 
(about 800 mil - 1000mil). A TEOS flow rate is stopped and helium and an ozone flow are still the same as 
a seasoning step, before, as for the last stabilization step, the last exhaust air step starts — ; about 5 
second - it is preferably carried out for about 1 0 seconds for 20 seconds. At the last exhaust air step, a 
.gate valve 280 is closed and does not move a heater 25. All gas flows are stopped and a throttle valve is 
opened wide, before, as for the last exhaust air step, other wafers of the following deposition process, a 
heating step, or a wafer washing step it is [ wafers ] a sake are introduced into a chamber 15 here — 
about 5 second - it continues for about 10 seconds preferably for 20 seconds. It is recognized that the last 
stabilization step and an exhaust air step are changed, and are used like the selected concrete seasoning 
step or another gettering step (the following example). 

[0197] In the example replaced with the above-mentioned example, the above-mentioned reserve 
clarification stabilization step can include the inclination of the microwave power from low microwave 
power to the microwave power of the last clean operating level, and enables reserve clarification 
stabilization of a pressure and microwave process generation. In an alternative-like suitable example, the 
above-mentioned reserve clarification stabilization step is replaced with the next reserve clarification 
stabilization. 

[0198] The step which inclines the microwave power which generates N2 (or based on other inert gas and 
the clean gas used) plasma since coincidence stabilization of a pressure and microwave power is enabled is 
NF3 by each example. A pressure impact profile low about the applicator tubing 292 is given in the case of 
plasma production. The microwave power level impressed to the magnetron 711 from the microwave power 
source 1 1 0 is adjusted under control of a processor 50. For example, microwave power inclines from the 
zero in a stabilization step to the level of 2100W at a clean step in about 300W (or 0 and the last 
clarification actuation power level) and a degree, and obtains the optimal stabilization step of In 
detail, after a heating step and a heater 25 move to about 1 5mm (about 600 mil) from the gas distribution 
plate 20, and are N2. About 100 to 400 seem, it is preferably introduced into the applicator tubing 292 by 
the flow of about 300 sccm(s), the throttle valve has been opened, and a gate valve 280 is closed. After 
about 5 seconds, a throttle valve is closed, a gate valve 280 can be opened, and the following pressure 
during 5 seconds is stabilized until a chamber 1 5 is set to about 1 .5 torKs) in a clarification process 
pressure and each example. Next, the middle level of about 200W - 400W microwave power is impressed to 
the applicator tubing 292, and it is for [ of a degree / N2 ] 5 seconds. The plasma is generated. For [ of a 
degree ] 5 seconds, and NF3 It is introduced into the applicator tubing 292 and microwave power level 
inclines to clarification level, detailed — NF3 about 600sccm(s)- 1 100 seem, it is preferably introduced into 
the applicator tubing 292 at the rate of about 950 sccm(s), and microwave power level inclines to the last 
microwave power clarification operating level of about 2100W. Next, N2 A flow is stopped and it is NF3 
about the plasma. It accepts, uses and generates and is NF3. For [ of stabilization of plasma production 
stabilization ] about 5 seconds is made possible. Clarification advances as mentioned above from this point. 
It sets in the above-mentioned alternative-like example, and both a pressure and plasma production are 
NF3. It stabilizes, before performing a washing step with the washing plasma. It can continue for 20 - 30 
seconds preferably, and, as for this alternative-like reserve clarification pressure / plasma stabilization, 
total time and a part with the lamp rise of each power level appropriate from that time amount are 
distributed. Therefore, the pressure impact from one step of direct impression of high microwave power 
(for example, 0-21 00W) will be made into the minimum about the applicator tubing 292, and the life of the 
applicator tubing 292 will be raised. 

[0199] Although the above-mentioned example is a two-step power level lamp rise, other examples can be 
multistage lamp rises (from 0W - 300W to for example, 1200W - 2100W). Furthermore, a microwave power 
lamp rise step is performed between the above-mentioned clarification step and an after clarification 
exhaust air step by the case. Two steps or a multistage lamp rise is also possible in other examples. It 
stands to reason that an inclination is continuation, the step which a single string separated, or its 
combination. About the CVD system which has RF plasma system, a lamp rise and/or lamp down of RF 
power level are performed to a reserve clarification stabilization step, and according to other examples, 
spot plasma chamber clarification is used. Although specific time amount is described about each part of 
the above-mentioned stabilization, in other examples, the specific time amount may differ, and in order that 
it may double or the part of stabilization may shorten time amount, it is deleted. 



[0200] It is TEOS and 02 as a substitute of the above-mentioned heat chamber seasoning. Chamber 
seasoning to be used is used. Evaporation TEOS is introduced to a chamber 15 using the bypass path in a 
lid through an inlet port 43 and the gas mixture box 273. 02 It is sent through the applicator tubing 292 for 
the radiation (for example, about 500W - 2100W, preferably 2100W) by the microwave from the magnetron 
711 of the microwave plasma system 55. 02 about 50sccm(s)- 200 seem, it is preferably introduced by the 
rate of flow of about 100 sccm(s) to the applicator tubing 292, and a gate valve 280 is opened wide — 
having — a chamber 15 — about 1 torr - 2torr — desirable — the pressure of about 1.5 torKs) — and 
about 300 degrees C - 650 degrees C are preferably maintained at the temperature of about 550 degrees 
C - 600 degrees C. Atomic oxygen can react with TEOS in a chamber 15, in order to obtain microwave 
enhancement chamber seasoning. Moreover, about the example which has RF plasma system which can do 
** which acquires the spot plasma, Evaporation TEOS can be introduced in a chamber 15, RF plasma 
system can generate the plasma, and it and atomic oxygen can react to RF enhancement chamber 
seasoning. 

[0201] as the substitute of everything but chamber seasoning which carries out gettering of the fluorine 
atom from a chamber front face — SiH4 about 50sccm(s)- 200 seem, it is preferably slushed into a 
chamber 15 at the rate of 100sccm(s), and a chamber 15 is purged. A silane can be slushed into a chamber 
15 through the applicator tubing 292 with which the gate valve 280 was opened wide, without impressing or 
impressing microwave through other purge openings to the chamber 1 5 by which the gate valve 280 was 
closed through Rhine 85 from one to the chamber 15 of other sources of supply 90 ( drawing 3 ) to the gas 
mixture system 93 by which the gate valve 280 was closed. A chamber 15 is preferably maintained at the 
temperature of about 550 degrees C - 600 degrees C during a silane purge procedure the pressure of 
about 1 torr by which the gate valve 280 was closed - 5torr, and 300 degrees C - 650 degrees C of 
abbreviation. If a chamber 15 is purged, F atom will be absorbed, and it is SiF4. Generation of gas is 
brought about and it is sent by the exhaust air system with a chamber 1 5 or a pump. Next, the terminal 
point detection system stated to the detail above enables this system to determine the time of a chamber 
washing process being completed. 

[0202] As a strange method of carrying out purging of seasoning or the chamber 15 by the silane as 
mentioned above, gettering is further attained by supplying active hydrogen to a chamber 1 5. hydrogen (for 
example, H2 or other sources of hydrogen) — about 50sccm(s)- 200 seem, it is preferably used as a 
"clean gas" source of supply by the rate of flow of about 100 sccm(s), and is sent to the applicator tubing 
292 through a switching valve 105 through an inlet port 57 ( drawing 3 ). Preferably, a magnetron 71 1 
operates in CW mode with the power level of about 1000W, supplies about 500W - 2500W of microwave 
energies to the applicator tubing 292, and generates the plasma. Next, the active hydrogen from the plasma 
in the applicator tubing 292 flows into a conduit 47 through the path where it was backed in the enclosure 
assembly 200, in order to use it by the chamber 15. It stands to reason that hydrogen is introduced to a 
chamber 15, and RF energy is impressed in a chamber 15, and active hydrogen is supplied about the 
system containing RF plasma system. About 300 degrees C - 650 degrees C of chambers 1 5 are preferably 
maintained during a gettering procedure by the pressure and optimum of about 1 torr - 2torr by which the 
gate valve 280 was opened wide at the deposition temperature of about 550 degrees C - 600 degrees C. 
Active hydrogen reacts with an adsorption fluorine, generates a hydrogen fluoride (HF) gas, and is sent with 
a pump from a chamber 15. It is made to operate by the same principle as the above-mentioned terminal 
point system, and the terminal point detection system which detects change of the intensity of light for the 
absorbance by HF is also used. 

[0203] The strange method of use of seasoning, purging by the silane of a chamber 1 5, or active hydrogen 
supplies ammonia to a chamber 1 5. ammonia (NH3) — about 50sccm(s)- 200 seem, it is preferably used as 
a "clean gas" source of supply of a gas panel 80 by the rate of flow of about 100 sccm(s), and is sent to 
the applicator tubing 292 through a switching valve 105 through an inlet port 57 ( drawing 3 ). Preferably, a 
magnetron 711 operates in CW mode with the power level of about 1000W, supplies about 500W - 2500W 
of microwave energies to the applicator tubing 292, and generates the plasma. Next, the ammonia from the 
plasma in the applicator tubing 292 flows into a conduit 47 through the path where it was backed in the 
enclosure assembly 200, in order to use it by the chamber 1 5. About 300 degrees C - 650 degrees C of 
chambers 15 are preferably maintained during a gettering procedure by the pressure and optimum of about 
1 torr - 2torr by which the gate valve 280 was opened wide at the deposition temperature of about 550 
degrees C - 600 degrees C. Ammonia reacts with an adsorption fluorine, generates an ammonium fluoride 



compound, and is sent with a pump from a chamber 15. It stands to reason that ammonia is introduced to a 
chamber 15, and RF energy is impressed to a chamber 15, and an ammonium fluoride compound and HF are 
generated about the system containing RF plasma system. It is made to operate by the same principle as 
the above-mentioned terminal point system, and the terminal point detection system which detects change 
of the intensity of light for the absorbance by ammonium fluoride and HF is also used. 
[0204] Other conditions are used although the above-mentioned washing plasma conditions are the 
examples of this embodiment. Like the following various deposition, the above-mentioned explanation suits 
200mm wafer, and is 61. of whole quantity. It is only NF3 as an example at the Giga Fill(trademark) Centura 
chamber marketed from Applied Materials. It has stated, however, NF3 An argon and NF3 N2 and NF3 02 
and NF3 The atomic oxygen and dilution F2 which were generated by the microwave plasma system 55, 
CF4, C three F8, SF6, C two F6, and CI2 etc. — other fluorine content or chlorine content gas is used 
similarly. Other gas is used for a gettering procedure besides the above-mentioned thing. Moreover, a pre 
seasoning stabilization step is changed according to each class of seasoning / gettering process chosen 
from the various strange methods of the above-mentioned heat seasoning. Although it is said that the 
above-mentioned explanation of washing, gettering, and seasoning takes place at suitable temperature (for 
example, about 550 degrees C - 600 degrees C), it is taken notice of that a chamber 1 5 is most preferably 
maintained at the same temperature to which each process is carried out within the chamber 1 5. It stands 
to reason that different temperature in other embodiments is used. Furthermore, a certain embodiment can 
double or delete a part with the above-mentioned washing, gettering, and seasoning. 
[0205] In order to show actuation of equipment and an approach according to the example of an III. test 
result and measurement A. super-** doped junction partial this invention, the sheet resistivity for super- 
******** formed using the BSG film which has the BSG film and USG capping layer which were 
manufactured without having a USG capping layer as an example, and the depth of junction were measured. 
The BSG film without a cap was about 150A thickness, and the BSG film with a cap was about 150A 
thickness which has an about 200A USG cap. The both sides of the BSG film with a cap which reaches and 
does not have a cap accumulated on the N type silicon wafer of low resistivity. The sheet resistivity for 
super-******** formed using the BSG film without a cap which reaches and has a cap, and the depth of 
junction were measured. About the film deposited within the chamber 15 of CVD system 10 explained in full 
detail in the top, a gate valve 280 is closed among the film deposition step of each example. The actual 
process conditions used for an experiment are as follows. In detail, the BSG film was deposited by the 
temperature of about 500 degrees C, and the pressure of about 600 torKs). Spacing between 
SASUSEPUTA and a manifold was about 8mm (about 300 mil). Introducing that the gas flow under 
experiment introduces TEB at the rate of about 200 mgm to a chamber, introducing TEOS at the rate of 
about 500 mgm, introducing oxygen (03) at the rate of about 5000 sccm(s), and helium carrier gas at the 
rate of about 8000 sccm(s) is included. 

[0206] According to the above-mentioned conditions, the BSG film deposited the rate for 700A/was 
obtained. The deposition BSG film had the thickness of about 150A to the process time amount for about 
15 seconds. 

[0207] In the experiment using a USG cap, immediately after the BSG bulk layer deposited, the USG 
capping layer was formed in the spot process. The chamber which is the sealing system which makes the 
minimum the moisture which can be used in order to react with the BSG film before deposition of the USG 
capping film is used for a suitable example. SASUSEPUTA was heated to the temperature of about 500 
degrees C, maintained the chamber by the pressure of about 600 torKs), and has arranged SASUSEPUTA 
from the gas distribution manifold to about 8mm (about 300 mil). 500sccm(s) and 5000sccm(s) were 
respectively introduced for TEOS, ozone, and helium to the deposition chamber by the rate of flow of 
about 500 mgm. According to the above-mentioned conditions, the USG film deposited the rate for about 
700A/was obtained. The USG film had the thickness of about 200A to the process time amount for about 
15 seconds. 

[0208] Diffusion of the dopant from the BSG film without a cap which reaches and has a cap is attained by 
heating the film using annealing or rapid heat treatment. For example, as for rapid heat treatment for [ in a 
nitrogen (N2) perimeter ] 60 seconds, the depth of about 500A - 1000A junction is obtained with 
temperature, time amount, and dopant concentration. 

[0209] The parameter used for the experiment using the BSG film should not be limited to the claim 
indicated by this specification. This contractor can use the conditions which generate the BSG film or 



other film, such as other chemical agents, a chamber parameter, a dopant and PSG, and AsSG. 
[0210] An experiment is conducted using the BSG film without the cap of the about 200A thickness which 
has boron about 6 wt(s)%. From the experiment, the capacity which forms a part for super-********, using 
the BSG film as a source of a dopant of a consecutive diffusion step is shown. 

[021 1] In the boron concentration exceeding 6wt(s)% boron, the BSG film without the cap deposited at the 
.temperature of less than about 500 degrees C was unstable, and tended to crystallize in several hours. As 
mentioned above, crystallization decreases the amount of the boron atom which can be used for the 
diffusion to a silicon substrate. If BSG is made to deposit at temperature higher than about 550 degrees C, 
it will be thought that the stable BSG film without the cap which has the boron concentration exceeding 
6wt(s)% arises. About covering for which boron concentration higher than 6wt(s)% boron is needed, the BSG 
film is appropriately capped by the USG film which prevents crystallization. By preventing gas drainage, a 
USG cap gives the capacity which controls penetration of diffusion of the dopant atom to a silicon 
substrate. Therefore, since a USG cap is prevented from a boron atom being lost, it is applicable to the 
diffusion easily advanced to a silicon substrate. 

[0212] In order to prove the advantage which uses a capping layer on a dope dielectric layer about a 
certain covering, 150A and boron experimented [ the thickness which the about 200A USG cap deposited 
on the BSG film ] using the 6.131 wt(s)% BSG film. The capacity which forms a part for super-******** 
from the experiment using the BSG film which has a cap as a source of a dopant of a consecutive diffusion 
step is also shown. The sheet resistivity for super-******** formed using the BSG film without a cap 
which reaches and has a cap, and the depth of junction were measured. The experiment shows that the 
capacity which controls a part for the sheet resistivity for super-******** formed by the BSG film which 
has a BSG film independent or a USG cap when rapid heat treatment for 1 minute is presented with the 
BSG film at about 1050 degrees C, and a joint arises. 

[0213] Drawin g 43 - drawing 45 are graphs which show the information about the effect of the USG cap 
about the depth of junction of a diffusion field, and the homogeneity of a dopant. Measurement of dr awing 
43 and drawing 45 was given to this contractor using the solid-state measuring device of the spreading 
resistance profile which is common knowledge. Carrier concentration is shown as a function of the depth, 
"p" shows the measurement concentration of the boron in the depth measured from the silicon substrate 
surface, and "N" shows the measurement concentration of the N type silicon substrate in the depth 
measured from the silicon substrate surface. The depth of junction is defined as a location where dopant 
concentration is equal to substrate concentration. In this experiment, the substrate concentration of a use 
silicon substrate was abbreviation 1.6x1014 carrier / cm3. the four-point probe (4pp) whose sheet 
resistivity of the diffusion field shown in drawing 43 and 22C is common knowledge at this contractor — it 
measured using law. Drawing 44 is a graph which shows this contractor all the impurity profiles of the wafer 
of drawing 43 measured by the precise approach of secondary ion mass spectroscopy (SIMS) effective 
although [ which gives precision profile measurement of high-concentration or shallow junction diffusion ] it 
is common knowledge. 

[0214] In detail, drawing 43 is a graph which shows the dopant profile of super-****** formed after the 
heating step using the 6.131wt%BSG layer with a USG capping layer. The BSG film was about 150A 
thickness, and the USG capping layer deposited on the BSG film was about 200A thickness. Rapid heat 
treatment during about 60 seconds performed the heating step at about 1050 degrees C. Next, BSG and 
the USG film were removed by etching, the depth for the joint obtained so that drawing 43 might see — 
the inside of a silicon substrate — about 0.06 micrometers it is — a dopant profile is considerably visible 
to homogeneity, the maximum concentration of boron — about — 6x1019 carrier / cm3 it is . the surface 
resistivity for the obtained joint — about 685 ohm/cm 2 it is — things were measured. 4pp surface 
resistivity — about 222 ohm/cm 2 it is — addition (sigmap) of the douse ion of the P type layer which 
things were measured and measured is 1.6x1014. 

[0215] Drawing 44 is a graph which shows the profile of the dopant depth measured by SIMS for super- 
******** indicated by drawin g 43 . The boron concentration in about 100A Fukashi is abbreviation 2x1018 
carrier / cm3 - abbreviation 1x1021 carrier / cm3 from a front face from the front face of a silicon 
substrate. It is the range. The boron concentration of about 100A - about 300A is 1x1021 carrier / cm3 - 
abbreviation 3x1021 carrier / cm3 from a silicon substrate. It is the range. The front face of a silicon 
substrate to the concentration of the boron under about 300A, silicon, and oxygen falls quickly, and shows 
a bulk substrate. Possible dopant incorporation is shown by the amount of joint with the shallow steep 



slope shown in drawing 44 according to the example of this invention. 

[0216] Drawing 45 is a graph which shows the dopant profile of super-************ formed without having 
9 heating step using the 6.131wt%BSG layer which has a USG capping layer. The BSG film was about 150A 
•thickness, and the USG capping layer deposited on the BSG film was about 200A thickness. The heating 
step was not performed. BSG and the USG film were removed by the etching method. It is about 0.025 
micrometers so that drawin g 45 may see. It turns out that it formed although a part for the joint which has 
the depth did not have a heating step. A part for a joint was formed for the high dopant concentration of 
the boron in the BSG film which there is no heating drive-in step and is clearly diffused to a skill silicon 
substrate, the maximum concentration of boron — about — 7x1017 carrier / cm3 it is . the surface 
resistivity for the obtained joint — about 55 ohm/cm 2 it is — addition (sigmap) of the douse ion of the P 
type layer which things were measured and measured is 4.9x1011. 

[0217] Drawing 46 is a graph which shows the dopant profile for the joint formed at the heating step using 
the 8.084wt%BSG layer with a USG capping layer. Drawing 47 is a graph which compares the dopant profile 
for the joint formed at the same heating step using the 6.131wt%BSG layer with a USG capping layer, and 
the 8.084wt%BSG layer with a USG capping layer, in order to show the effect of the dopant concentration 
about the depth for a joint. Drawing 48 and drawing 49 are graphs which show the depth for a joint, and the 
effect of the temperature of the heating step about sheet resistivity respectively. Drawing 50 and drawing 
51 are graphs which show the depth of junction, and the effect of the time amount of the heating step 
about sheet resistivity respectively. The spreading resistance profile of drawing 46 - drawing 51 and 
measured value of sheet resistivity were performed using a solid-state device and four-point probe 
measurement. 

[0218] Drawing 46 is a graph which shows the dopant profile for the joint formed at the heating step using 
the 8.084wt%BSG layer with a USG capping layer. The BSG film was about 150A thickness, and the USG 
capping layer deposited on the BSG film was about 200A thickness. Rapid heat treatment during about 60 
seconds performed the heating step at about 1000 degrees C. BSG and the USG film were removed by the 
etching method. The depth is about 0.12 micrometers so that drawing 46 may see. As for a part for super- 
********, dopant homogeneity was formed good, the maximum concentration of boron — about — 1x2030 
carrier / cm3 it is . the surface resistivity for the obtained joint — about 145 ohm/cm 2 it is — things 
were measured and addition (sigmap) of douse ion was 7.9x1014. 4pp surface resistivity — about 96 
ohm/ cm 2 it is — things were measured. 

[0219] Drawing 47 is a graph which shows the dopant profile for the joint formed at the heating step using 
a different boron wt%BSG layer (especially 6.131wt(s)% and 8.084wt(s)%) with a USG capping layer. The 
BSG film was about 150A thickness, and the USG capping layer deposited on the BSG film was about 200A 
thickness. Rapid heat treatment during about 60 seconds performed the heating step at about 1000 
degrees C. As drawing 47 sees, the depth of the junction from which the 8.084wt%BSG film was obtained is 
twice [ about ] the depth of the junction from which the 6.131wt% BSG film was obtained. 
[0220] Drawing 48 and drawing 49 are graphs which show the effect of the heating step temperature 
concerning a dopant profile and sheet resistivity respectively of the 6.131wt%BSG film with a USG capping 
layer. The BSG film was about 150A thickness, and the USG capping layer deposited on the BSG film was 
about 200A thickness. The heating step was performed using rapid heat treatment during about 60 seconds 
at the temperature of about 900 degrees C, 950 degrees C, 975 degrees C, and 1000 degrees C. about 0.06 
micrometers formed after the heating step with a temperature [ with the amount of / which was formed 
after the 1000-degree C heating step / joint low so that it may understand by drawing 48 ] of 975 degrees 
C a part for a joint — comparing — about 0.1 micrometers it is . 6. the surface resistivity of the 131wt% 
BSG film is looked at by drawing 49 — as — a 1000-degree C heating step — about 180 ohm/cm 2 and — 
a 975-degree C heating step — about 600 ohm/cm 2 it was . By the high heating step (it exceeds 950 
degrees C) of temperature, the deep diffusion depth for the formed thin joint was obtained. 
[0221] Drawin g 50 and drawing 51 are graphs which show the effect of the heating step time concerning a 
dopant profile and sheet resistivity respectively of the 6.131wt%BSG film with a USG capping layer. The 
BSG film was about 150A thickness, and the USG capping layer deposited on the BSG film was about 200A 
thickness. The heating step was performed using rapid heat treatment during about 60 seconds for about 
40 seconds at about 1000 degrees C. a part for the joint formed after the about 40-second heating step so 
that it might understand by drawing 50 — about 0.06 micrometers it is — the amount of [ which was 
formed after the 60 second heating step ] joint is about 0.1 micrometers. 6. the surface resistivity of the 



131wt%BSG film — after a 40-second heating step — about 230 ohm/cm 2 and after a 60-second heating 
step — about 150 ohm/cm 2 it was . Therefore, it turns out that diffusion depth can be determined that 
the die length of the time amount of a heating step will form a part for super-********. 
10222] The above-mentioned experiment used for super-** doped junction formation should not only be 
shown as an example, in order to explain the mode of this invention concretely, and it should not be 
-regarded as what limits the range of this invention. 

[0223] B. In order to prove actuation of the equipment by the example of PSG this invention of a PMD 
layer, and an approach, since the PSG film, for example, a PMD layer, was deposited, it experimented. 
Before making the PSG film deposit as a PMD layer, in order to form a gate electrode, an oxide side 
attachment wall, a separation trench, etc., typically, two or more processing steps were presented with the 
wafer. By experiment, it is Applied Materials. Heat-resistant shrine Giga Fill(trademark) Centura chamber 
(closed system from which full capacity was prepared for 200mm wafer by about 61.) The PSG film was 
made to deposit inside. 

[0224] In the experiment, before making the PSG film deposit as a PMD layer on a wafer, in order to make 
a chamber 15 into a request deposition pressure and to stabilize gas / liquid flow, the preliminary 
deposition step was performed. It stands to reason that it is recognized that a preliminary deposition step 
may be changed from the following explanation (it is only each concrete example) so that it may be the the 
best for a different deposition recipe. A preliminary deposition step contributes to decreasing unnecessary 
deposition and obtaining the profile of the uniform depth of the deposition film on a chamber wall. Before a 
preliminary deposition step happens, through a vacuum lock door, the vacuum chamber 15 on a heater 25 
is loaded with a wafer, and it is closed. A heater 25 is heated to the processing temperature of about 600 
degrees C, and it is maintained throughout a preliminary deposition step, a deposition step, and a post- 
deposition step. 

[0225] At the 1st preliminary deposition step, a heater 25 is in the location of about 15mm (about 600 mil) 
from the gas distribution plate 20. A throttle valve is opened for about 5 seconds, and it is the rate of flow 
of about 4000 sccm(s) about helium, and is 02. It introduces to a chamber 15 by the rate of flow of about 
2900 sccm(s). Inert gas, helium, and 02 In order that the rate of flow may be stable, it is introduced first to 
a chamber 15. Helium and 02 Those rates of flow are maintained throughout a preliminary deposition step. 
[0226] A throttle valve is shut and the pressure in a chamber 15 is raised at the 2nd preliminary deposition 
step to a deposition pressure. The 2nd preliminary deposition step continues for about 30 seconds, and 
stabilizes the pressure which may be changed a little in desired deposition pressure order within a chamber 
15 in the beginning. A heater 25 is moved to the processing location of about 8mm (about 330 mil) from a 
gas distribution plate at the 2nd preliminary deposition step. 

[0227] At the 3rd preliminary deposition step, when chamber 15 internal pressure is stabilized by the 
deposition pressure of about 450 torKs), Liquid TEOS is introduced and the flow of TEOS and helium is 
stabilized. By the TEOS rate of flow of about 1000 mgm, the about 3-second evaporation TEOS gas in the 
3rd preliminary deposition step in front of a deposition step is mixed with helium carrier gas. 
[0228] Since a chamber pressure, temperature, and TEOS / gaseous helium flow were stable and the 
location of a heater 25 was adjusted, deposition processing can begin. 02 flow finishes at the beginning of 
a deposition step. Liquid TEPO is introduced at the rate of about 24 mgm, and 03 (oxygen about 8 wt(s)%) 
is introduced at the rate of about 4000 sccm(s). Since it is a liquid, TEPO and the source of TEOS are 
made to evaporate by the liquid impregnation system, next it mixes with inactive carrier gas helium. This 
mixed liquor is introduced from the gas distribution plate 20 to a chamber 15, reactant gas is supplied to a 
wafer front face, a heat induction chemical reaction occurs there, and the desired PSG film is produced. 
According to the above-mentioned conditions, the PSG film deposited the rate for about 1780A/is 
obtained. By controlling assembly time, the PSG film whose thickness is about 5300A is formed in about 
404 seconds on the above-mentioned processing conditions. wt% of Lynn in the obtained PSG film is about 
4 wt(s)%. 

[0229] In order to perform a conclusion step after deposition, namely, to give moisture and crystallization 
resistance, the stability of the deposition PSG film is optimized. Deposition conditions are maintained and a 
TEPO flow finishes it as the conclusion step which continues for about 3 seconds. Therefore, a conclusion 
step deposits a USG capping layer by the spot approach in a chamber 15 by the above-mentioned 
conclusion approach of gas. A USG layer is very thin compared with the thickness of the PSG bulk film. 
[0230] After PSG deposition and a USG deposition step, in order to control the run ping down of a 



chamber pressure, and in order to control a gas shutout, a post-deposition step is used. By adjusting a 
pressure and a gas shutout, it gives that a post-deposition step reduces the particle formation which may 
cause wafer contamination and damage. 

[0231] In each example, three steps of post-deposition steps were used. A TEOS flow finishes as the 1st 
back deposition step just behind the above-mentioned conclusion step, and a heater 25 moves to the 
- location of about 15mm (about 600 mil) from the gas distribution plate 20 at it. Moreover, a throttle valve is 
opened periodically, and after [ 1st ] continuing for about 15 seconds, the lamp down of the chamber 
pressure in a deposition step is carried out gradually. At the 2nd back deposition step, by sending with a 
pump by the bypass valve, a throttle valve is opened periodically and the lamp down of the chamber 
pressure of the 3rd back deposition step (exhaust air step) is carried out so that the helium flow to a 
chamber 15 may finish. Moreover, after [ 2nd ] continuing for about 15 seconds, a heater 25 is moved 
downward into a deposition step from a plate 20 to the location of about 25mm (about 999 mil). It is 15 
chamber03 by opening a throttle valve at a deposition step, after [ 3rd ] continuing for about 3 seconds, 
and sending with a pump by the last bulb. A flow is finished. 

[0232] The above-mentioned experiment conditions for PSG deposition of having been suitable for being 
used as a PMD layer are the the best for giving the best membraneous quality with a high throughput. By 
raising surface diffusion with high skin temperature, it is TEOS/03 at the temperature of about 600 
degrees C. The heat PSG film deposited using chemistry was excellent in step coverage, and there is much 
structure of cross linkage, and its oxidation structure of P and Si is stable, and it obtained the outstanding 
membraneous quality. The PSG deposition film did not have surface flatness with high breakdown voltage 
with high flow-like step coverage and moisture resistance, and a surface damage (namely, plasma damage), 
and when there was no fixed charge, it was quality. The PSG deposition film showed good thickness 
homogeneity. In detail, it is about 1 .2 micrometers in thickness of the PSG deposition film. It was measured 
that the thickness homogeneity (49pt.1 sigma) of thickness is less than about 1.5. 

[0233] Drawing 52 is a microphotography in which as deposition gap philharmonic engine performance of 
the PSG film deposited at 600 degrees C is shown according to each example of this invention. It turned 
out that it can be filled up with the high aspect ratio gap which has height (h) and spacing (w), without 
forming a void so that especially the PSG film deposited at 600 degrees C may be looked at by drawing 52 . 
Drawing 53 is the simple diagram (the scale is not shown) of the cross section of the integrated-circuit 
structure shown in drawing 52 . the gate structure where the substrate 1 200 was formed so that drawing 
53 might see — detailed — silicification — electrode 1220 ** with the tungsten (WSi) cap 1240 was 
accumulated, h which was made to deposit an oxide layer 1260 on pile gate structure, and was shown by 
the dotted line so that drawing 52 - drawing 53 might see — the example of abbreviation — 35 
micrometers and w — about 0.08 micrometers A high aspect ratio is formed. Therefore, drawing 52 is 
drawing showing the high (about 4.3:1) concrete structure of the aspect ratio filled up with the PSG film 
1280 used as a PMD layer. The PSG film deposited at about 600 degrees C using the above-mentioned 
suitable recipe shows the gap philharmonic engine performance which is a high aspect ratio in which there 
is no need for the reflow performed at about 750 degrees C - 800 degrees C, and it excelled, and is not 
typically in agreement with a strong remarkable heat budget mostly. 

[0234] As for the PSG film deposited at about 600 degrees C other than the outstanding gap philharmonic 
engine performance of a high aspect ratio, it is advantageous that it is the film with a high consistency with 
large resistance to water absorption. The water absorption of the deposited PSG deposition film was 
measured using the Fourier transform infrared-spectrum method (FTIR) of the common use which is 
common knowledge to this contractor. Drawing 54 is a photograph in which the FTIR spectrum of the PSG 
film deposited at about 600 degrees C under the following concrete processing conditions is shown. As for 
concrete processing conditions, according to each example, spacing of about 8mm (about 330 mil) between 
the TEOS flow of about 1000 mgm, the TEPO flow of about 24 mgm, the helium flow of about 6000 seem 
(s), the ozone (oxygen about 1 2 wt(s)%) flow of about 4000 sccm(s) and a heater 25, and the gas 
distribution plate 20 is contained by the pressure of about 400 torKs). PSG assembly time was about 600 
seconds. As shown in drawing 54 , the FTIR spectrum of the PSG film deposited at about 600 degrees C 
did not show the water spike which shows water absorption, but over about 1 55 hours after deposition, a 
measurable change of water absorption was not seen but showed the stability of the PSG film over a long 
period of time. 

[0235] As shown in drawing 54 . a consistency is high and the PSG deposition film has water absorption 



resistance. Deposition of an elevated temperature, for example, about 600-degree C PSG film, has the 
inclination to drive out the moisture absorbed to the film, and brings about the film with a high consistency. 
As film with a high consistency, the PSG film deposited at the elevated temperature has the advantage 
which does not need a step for membranous eburnation further. The class with the high consistency of the 
PSG deposition film suits annealing of consecutiveness at temperature higher than about 1000 degrees C, 
.or the use as a PMD layer by which flattening is preferably carried out at a CMP step. This PSG film 
deposited at the elevated temperature other than water absorption resistance can give philharmonic a 
good gap, without forming the void or the weak seam which may cause good thickness homogeneity and a 
consecutive device problem. The high temperature PSG film is useful especially as a PMD layer at one 
(about 2 wt(s)% - 8wt%) with the good incorporation of Lynn, and important for gettering or catching in 
migration ion like the sodium (Na+) ion which moves within a device and causes a short circuit. 
[0236] The above-mentioned explanation of the experiment which deposits the PSG deposition film and 
measures a property shows the adaptation for the use as for example, a PMD layer. However, the 
explanation should not be regarded as what limits the range of this invention. 

[0237] C. in order to prove actuation of the equipment by the example of use this invention of the oxide 
packed bed in shallow trench separation, and an approach — the USG film — for example, the experiment 
deposited as a high quality oxide packed bed for shallow trench separation was conducted. Before making 
the USG film deposit as a high quality oxide packed bed, in order to form a gate electrode, an oxide side 
attachment wall, a separation trench, etc., typically, two or more processing steps were presented with the 
wafer. By experiment, it is Applied Materials. Heat-resistant shrine Giga Fill(trademark) Centura chamber 
(closed system from which full capacity was prepared for 200mm wafer by about 61.) The USG film was 
made to deposit inside. 

[0238] In the experiment, before making the USG film deposit as a packed bed on a wafer, in order to make 
a chamber 15 into a request deposition pressure and to stabilize gas / liquid flow, the preliminary 
deposition step was performed. It stands to reason that it is recognized that a preliminary deposition step 
may be changed from the following explanation (it is only each concrete example) so that it may be the the 
best for a different deposition recipe. A preliminary deposition step contributes to decreasing unnecessary 
deposition and obtaining the profile of the uniform depth of the deposition film on a chamber wall. Before a 
preliminary deposition step happens, through a vacuum lock door, the vacuum chamber 1 5 on a heater 25 
is loaded with a wafer, and it is closed. A heater 25 is heated to the processing temperature of about 550 
degrees C, and it is maintained throughout a preliminary deposition step, a deposition step, and a post- 
deposition step. 

[0239] At the 1st preliminary deposition step, a heater 25 is in the location of about 15mm (about 600 mil) 
from the gas distribution plate 20. A throttle valve is opened for about 5 seconds, and it is the rate of flow 
of about 7000 sccm(s) about helium, and is 02. It introduces to a chamber 15 by the rate of flow of about 
2900 sccm(s). Inert gas, helium, and 02 In order that the rate of flow may be stable, it is introduced first to 
a chamber 15. Helium and 02 Those rates of flow are maintained throughout a preliminary deposition step. 
[0240] A throttle valve is shut and the pressure in a chamber 15 is raised at the 2nd preliminary deposition 
step to a deposition pressure. The pressure which the 2nd preliminary deposition step may be changed in a 
continuation less than about 40 seconds, and may be changed a little in desired deposition pressure order 
in the beginning is stabilized within a chamber 15. A heater 25 is moved from a gas distribution plate to the 
processing location of about 9mm (about 350 mil) into the 2nd preliminary deposition step. 
[0241] At the 3rd preliminary deposition step, when chamber 15 internal pressure is stabilized by the 
deposition pressure of about 600 torKs), Liquid TEOS is introduced and the flow of TEOS and helium (or 
nitrogen) is stabilized. By the TEOS rate of flow of about 2000 mgm, the about 5-second evaporation 
TEOS gas in the 3rd preliminary deposition step in front of a deposition step is mixed with helium (or 
nitrogen) carrier gas. 

[0242] Since a chamber pressure, temperature, and TEOS / gaseous helium flow were stable and the 
location of a heater 25 was adjusted, deposition processing can begin. 02 flow finishes at the beginning of 
a deposition step, and 03 (oxygen about 12.5 wt(s)%) is introduced at the rate of about 5000 sccm(s). 
Since it is a liquid, the source of TEOS is made to evaporate by the liquid impregnation system, next it 
mixes with inactive carrier gas helium. This mixed liquor is introduced from the gas distribution plate 20 to 
a chamber 1 5, reactant gas is supplied to a wafer front face, a heat induction chemical reaction occurs 
there, and the desired USG film is produced. According to the above-mentioned conditions, the PSG film 



deposited the rate for about 1450A/is obtained. By controlling assembly time, the USG film whose 
thickness is about 10000A is formed in about 414 seconds on the above-mentioned processing conditions. 
[0243] In order to perform a purge step after USG deposition, namely, to give moisture resistance, the 
^stability of the deposition USG film is optimized. Deposition conditions are maintained and a TEPO flow 
finishes it as the purge step which continues for about 3 seconds. 

,[0244] After a USG deposition step and a purge step, in order to control the run ping down of a chamber 
pressure, and in order to control a gas shutout, a post-deposition step is used. By adjusting a pressure and 
a gas shutout, it gives that a post-deposition step reduces the particle formation which may cause wafer 
contamination and damage. 

[0245] In each example, three steps of post-deposition steps were used. The carrier gas flow to a chamber 
15 finishes it as the 1st back deposition step just behind the above-mentioned conclusion step by sending 
with a pump by the bypass valve. After [ 1 st ] opening a throttle valve periodically and continuing for about 
1 5 seconds, a heater 25 is moved to the location of about 1 5mm (about 600 mil) from the gas distribution 
plate 20 so that the lamp down of the chamber pressure may be gradually carried out into a deposition 
step. At the 2nd back deposition step, a throttle valve is opened periodically, the run ping down of a 
chamber pressure is continued, and it is 15 chamber03. A flow is continued. Moreover, after [ 2nd ] 
continuing for about 1 5 seconds, a heater 25 is moved downward into a deposition step from a plate 20 to 
the location of about 15mm (about 600 mil). It is 15 chamber03 by opening a throttle valve at a deposition 
step, after [ 3rd ] continuing for about 3 seconds, and sending with a pump by the last bulb. A flow is 
finished. 

[0246] The above-mentioned experiment conditions for USG deposition of having been suitable for being 
used as a high quality oxide packed bed are the the best for giving the best membraneous quality with a 
high throughput, in shallow trench separation covering, the deposition USG film must have possible 
philharmonic a gap (typical — the moderate accuracy of about 85 degrees) who does not have a void in 
addition to being the uniform film with a very high and consistency. The USG deposition film showed good 
thickness homogeneity. In detail, it was measured that the thickness homogeneity (49pt.1sigma) of the 
about 5000A thickness of the USG deposition film is less than about 1.5. 

[0247] Drawing 55 and drawing 56 are microphotographies in which the relative gap philharmonic engine 
performance of the TEOS/03 USG film respectively deposited at about 400 degrees C and about 550 
degrees C after about 1050-degree C reflow and 6:1 buffer-ized oxide etching (BOE) is shown according to 
each example of this invention. Especially for drawing 55 , the width of face which has the packed bed 
which is the USG film deposited at about 400 degrees C after about 1050-degree C reflow is about 0.35 
micrometers. And the depth is the photograph in which about 0.70 micrometers (gap of about 2:1 aspect 
ratio) trench structure is shown. Drawing 55 is a photograph in which the big void in the USG film is shown, 
and shows that the USG film deposited at about 400 degrees C has a hardly high consistency, and tends to 
be shrunken, and appears, to some extent, the USG film which deposited after a reflow in the temperature 
higher than about 1000 degrees C which can carry out eburnation of the until USG film at the temperature 
of about 400 degrees C has a hardly high consistency, and cannot be borne at hot annealing or consecutive 
wet etching processing, without opening a void. For drawing 56 , as a comparison, the width of face which 
has the packed bed which does not have the void which is the USG film deposited at about 550 degrees C 
after about 1050-degree C reflow and consecutive wet etching processing is about 0.18 micrometers. It 
reaches and the depth is about 0.45 micrometers. It is the photograph in which trench (about 2.5:1 aspect- 
ratio gap) structure is shown. The USG film deposited at about 550 degrees C can be filled up with a high 
aspect ratio gap, without forming a void after a reflow unlike the USG film deposited at 400 degrees C so 
that it might see from drawing 55 and drawing 56 . After etching processing with a very uniform etch rate, 
the USG film deposited at about 550 degrees C holds the step coverage which was excellent, without 
opening a void. 

[0248] It is the microphotography in which the gap philharmonic engine performance of about 1 000 degrees 
C [ by each example of this invention ] annealing and the deposition USG film after consecutive wet 
etching processing is shown as certification of the high aspect ratio gap-filling engine performance of the 
USG film deposited at about 550 degrees C. For drawing 57 , the width of face which has the packed bed 
which is the USG film deposited at about 550 degrees C after about 1000-degree C reflow is about 0.16 
micrometers. It reaches and the depth is about 0.48 micrometers. It is the photograph in which trench 
(aspect ratio about 3:1 gap) structure is shown. The trench structure of drawing 57 has spacing smaller 



than the trench structure shown in drawin g 55 and drawin g 56 , and a large aspect ratio, and shows the 
gap-filling engine performance which was excellent in the USG film deposited at about 550 degrees C. 
[0249] As for the USG film deposited at about 550 degrees C other than the outstanding gap philharmonic 
engine performance of a high aspect ratio, it is advantageous that it is the film with a high consistency with 
large resistance to water absorption, the water absorption of the deposited PSG deposition film — FTIR of 
.common use — it measured using law. Drawing 54 is a photograph in which the FTIR spectrum of the PSG 
film deposited at about 550 degrees C under the following concrete processing conditions according to 
each example is shown. As for concrete processing conditions, according to each example, spacing of 
about 9mm (about 350 mil) between the TEOS flow of about 2000 mgm, the helium flow of about 7000 
sccm(s), the ozone (oxygen about 1 2.5 wt(s)%) flow of about 5000 sccm(s) and a heater 25, and the gas 
distribution plate 20 is contained by the pressure of about 600 torKs). The FTIR spectrum of the USG film 
deposited at about 600 degrees C showed low-water-flow part absorption so that drawing 58 might see 
(about 1 wt% less than moisture). Furthermore, it was shown that drawing 58 is seen over about 1 60 hours 
after the increment in the moisture below abbreviation 0.5wt% depositing, and the stability of the PSG film 
over a long period of time was shown. 

[0250] Therefore, a consistency is high and the USG deposition film has water absorption resistance so 
that it may be supported by drawing 58 . Deposition of an elevated temperature, for example, about 550- 
degree C USG film, has the inclination to drive out the moisture absorbed to the film, and brings about the 
film with a high consistency. As film with a high consistency, the USG film deposited at the elevated 
temperature has an advantage with the small ease of being shrunken which brings about void formation 
after an annealing step and consecutive wet etching processing compared with the USG film deposited at 
low temperature. The class with the high consistency of the PSG deposition film suits the use as a high 
quality oxide layer filled up with the trench used for shallow trench separation covering. Flattening of the 
USG film which accumulated at the elevated temperature and was used as an oxide packed bed for high 
density is carried out by consecutive annealing or a consecutive CMP step, and the accuracy which opens 
a void becomes the minimum. This USG film deposited at the elevated temperature other than water 
absorption resistance and good thickness homogeneity can give the high aspect ratio which was excellent, 
without forming the void or the weak seam which may cause a consecutive device problem. 
[0251] Usually, high-pressure 03-/TEOS The USG film produces [ a pattern or a surface susceptibility 
operation may be shown and ] the deposition which is not uniform and is not desirable. It turned out that 
the problem by the deposition which is not uniform gets worse by the high 03-/TEOS ratio. In order to 
obtain sufficient rate of sedimentation, many TEOS(s) need to be used for deposition of the USG film in an 
elevated temperature like about 550 degrees C advantageous at least. Therefore, the 03-/TEOS ratio of 
the USG film deposited at the elevated temperature removes a pattern or a surface susceptibility 
operation low (less than about 5:1). Furthermore, the USG film of membraneous qualities (for example, a 
consistency, shrinkage, etc.) deposited at the elevated temperature is expensive. Because of the high 
density of the elevated-temperature deposition USG film, plasma eburnation processing or a plasma 
oxidation object cap is unnecessary, and the plasma damage over a wafer is avoided. Therefore, **** of 
the plasma from such processing in a chamber decreases the possibility of metal mixing, and the possibility 
of a short circuit of the device in a wafer. Plasma eburnation processing or a plasma oxidation object cap is 
required mostly, and compared with the low-temperature heat USG film which may be shrunken in order to 
open a void after annealing, the heat USG film deposited at the temperature of about 550 degrees C 
according to this invention has a uniform film consistency, the gap philharmonic engine performance is 
excellent, shrinkage is min, and there is little metal mixing, without carrying out plasma damage. 
[0252] Explanation of the above-mentioned experiment shows adaptation of the deposition USG film for 
using it as a high quality oxide layer filled up with the trench of a high aspect ratio to shallow trench 
separation as an example. Since the USG film is deposited on IMD covering at temperature lower than 500 
degrees C, the same CVD system is used. It stands to reason that the above-mentioned explanation is not 
regarded as what restricts the range of this invention. 

[0253] It should be understood that it is not what the above-mentioned explanation is instantiation and is 
limited. Many examples will become clear to this contractor, in case they re-evaluate the above-mentioned 
explanation. As an example, although this specification mainly showed this invention about USG, BSG, PSG, 
and the BPSG process recipe, it is not limited to it. For example, the dielectric film formed according to 
other examples can be used as an arsenic dope oxidation silicone film or other dope film. Although 



deposition of a dielectric film has been indicated using carrier gas like helium as other examples, other 
carriers like an argon or nitrogen are used similarly. Furthermore, the dielectric layer has been indicated as 
an example about each covering containing doped junction formation, a PMD layer, an IMD layer, an oxide 
packed bed, a capping layer, etc. It stands to reason that being used in order to make a dielectric layer 
deposit at above-mentioned temperature with the same CVD system lower than about 400 degrees C and 
.temperature higher than 500 degrees C is recognized. Furthermore, the various modes of this invention are 
used for other covering. This contractor will recognize other equipment or options which deposit a 
dielectric layer, maintaining within the limits of the application for patent of this invention, therefore, the 
perfect range of the equivalent with which the range of this invention should not be determined about the 
above-mentioned explanation, but this claim grants a right — the above — it should be determined about 
the claim. 
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x ^©D^W^StB-T S C <b a < ^S^a-b x tctew 

<omm±(cmtiy y n >x«ie-fb-> 3 >© «t ^ urn* 

ir^tij FmofiMR<DJ:9&CVDSt 

scenes. s*nri,>fci>ia{bi^g'&jfca>*>£c 
v d -fu-textpicnm* +• ^a^iaa* + >;-?©m© 

fXWSDKitaSft*. B$R8#/cOtcoft-C. CVD 

en*. cvD^a«:sai//cjss^6©^F*6«j«. 
ur»«*?i*sc-r^6^©rasw. ^a©*-r*-r 

[0013] flSfDM^^^^^^-r^KCVD^© 

'*Ru/jumm*mmj: < mm 2 z> t . 
fci^rc^ ^snrc^/<-f^©ttfigstfa@*iS»4 
cim -s. ±te© 9- + >'iim<D& i R&ism-rz>& 

Ryy* F*^<'C£*s-C^.2.ffe©^i'>^gi555-«rga& 

•r * c <t ^-sr* 0 . c n«a^©^^a«:W^ 
•sacral *s-r 4 ^jh-c * .2. . 

[0 0 14] JhlB<Dttj£*>&. KaS*l7c^ffi. 

^»ss©5Sc>fi*^m)s*ittffl-r s c 

*a>e.nr(,»4. ^^^©^ffis^gi*. 5/'j3>f 
K*^i4®<bia*a&3U < ^*-r*c £*Jrtttwn« 

tj:(btj:l>. IK, fc-SflJ&KOtvCi^ S/«tSaffl©gt 

^CcS-r*B$ra*S^tc-r*/c«!)K:ffi®{bL/r£:l9:H-«:J: 
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iST*'"^ htt©*8S*£*>ofvWX£^ 
"T £ tc ib CC g# 3 ti h MM £ MS? 6 <* 5 CC <* ft ft 
[0015] #&9J©gift 

*A93l*. x"4>ffi& (4>ft < i 4>*^5 0 0 ~ 

soot) mmm^^T-^, #ast^g£&tt-rs. 

ft. J£SJ^©#*a#!fc&9?l&^U £JIigAXtt*& 
[ 0 0 1 6 ] «fCc. *^«*B*ffi«J«:iS^MJl*Wr-S 

(BPSG) IS. iC'J^^gS^X (BSG) JSXte 
y>-5r-f^**7X (PSG) JgWJ^frF-Xitllia 
**tao*io s WLtf. V-X/FU->1g£S|5#Xtt 

Mtc. ^£JS§Hi ( PMD) 

ji. ^jurbrh ( i md) mximommmtLxm^ 
mmm. * + vt-yifmxitm<Dm±Lxmi,>e>ti 

[0017] *mKDjj&te> Kt)&m 1 0 torr— 7 6 
0 torrCDJC^ + >^F*9t?SSJi{CC V D tCiSSimM 

zmmzazxm* so'asfi^soo-cfcossos 

K.mmmmm<D via -^^^ximm v-^mmm 
f-^> h£AftSJ:5&a*©@ifc©;fc«>{ani& 

» ^(soo 'ttmomBLxv *»±K.m 
**ts c . m&mm L/ * »±<Dm*um-r s > 

tc. * t- 1. f> XJf £WT S F-X§f1i&©-€-©J*ft« 
^pJtltcLT F-XJg*>e> F-'OF ©#*»#*?&!> 
C^^a^fiTS-lfSCi^WW-C**. 41 *©* 
«.««:*«,»"«*. Et6t4;tfx**g«^ffiK&&ft t MR 
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[0018] ^ttttfrllisewcfco-ctt. sf^iifflS 

Ig-C&S. i&SW:. »«±«C^5 0 0*C«fci5il5^aS-C 

*mb t ji^eoo-ctom^as. #*t, 

<B^7 o o*c«tOii5c^a*rj)ni^$n-cgmii*^ 

io ? 7<&ff ^ <t f - ymmmom s . tss^ 
[0019] *%?i©ffe<DSl««:*$i,i-c«. h 7 

•c>^«re^CC|ft?5fe#f -So «;*- FX^Xv^tcfc 
*a<. U*-hX7X-7^^fflt,^^j5t#xgccfci»r 

®&zm®®*mmte.m&-?z>ztifixzz>. y*- 

v*»i}>ti%}m£<m : ikztiz>ttxibz. u*-hx 

[0020] »SHisw«:*$t.^-c«. >;t-h^X7 
40 ftftmimmttm mm, ? m.mx.\m<o 

i'PjSX^Xv^f^S,, 'J^-hX^XvJfttt. v-f 

-C^D, X^Xv*s^3i 1 STX';dr-$^'s^jfiS 
tCjUOiiSn. v^i'ajgx^Jl/^-tcfco-Cx^^^ 

so «ci%AX7Xv©-c^>{k^ai^T4. 09^.«, mmm 



01 

fiS-r*. v-^nj&x^x-^w:. */c. nkmixi£&# 

ZZtim? + l"<^m2>C itCj: 0 X^Xv&lbC v D 
[002 1 ] #f&£©ffe©^K:;te<,>T tt. 'J *- h X 

^©&&©Xa4z*#X#tj5fc#x 9 ^> ifMtfcfcL 10 
iiX^Xvj!^©^*?-* 9 * LXVi&XMV&ty*) 

^^mr-b^xyii. s i F4 

©&-£*#&Sfc«>K:*!Hl9^ >;<©#*gfffiPK:a*S 
3ft*. 

[0022] XftWDttKDWSmiCid^X »> + 20 
©ilffijfc 677 5&©«fc 5 fcffifcg 0/dt##* *x 9 Z 'J 

^xra^ftasnSft*. *^wtc«t*a«. y-smzs 
tsm i # xi&fta&WDAa?- + >;*im&-n> 

ft. 9-f>^6gf»$ft2>->'Ja>-7 ?5fS#x£fi£ 
®*Ki8.TZ>c tic J: 0&{b-> y =J>©<fc ^ttSISia*- 

;<M©ilffi±©iR»7 9^#*BSfiyB3ft£*>X«&j£ 
£ftfc&, &S3ft£^#^©? *;\Jb©it1gjg#y 9 

*y>x<*ft-s. J3ij©»6P9k:*h>tw:, y9*y>x 

^•£^-X->Xrsc<tCcJ:«itTbft. 
<b^©W)S*iiai,-C©»7 vm*ffiU\sif>r>m>XM 

mhtcm<D?imzm±?z. 40 
[0023] *»ww. iSia&sffl©«*©sH& 

+ >;<£itsm-f sitAr-tz >x y **rr 

#3SftS. ggtt. l >x;^»5 0 0'C~8 0 0 , C* 

•te>Xy*s££ftS. ^f^jrjUB, Xo-b^^i© 
KJfc&tfi!^ £fc**)4 0 0-C. J?*L< «iTj5 0 0'C 

—8 0 o-c*r©jae©Xd-fe^^{cj:sittatc*^ 

^TX$JUJ, gt^ffiCC^-f »<«3IA3ftfc:7 vjRS 50 
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tC<*:-2>iiiiS (BIH&. 5 0 0*C~8 0 0'C) T©Xf ^> 

tt&2gfe0*tc*si>ra. "c*«x**/fc-*tt. SHtT 
JU 5 x 0 AXttJfS U < «gfbT Jl> 5 ~ A©,fc 5 ft -b 

75-; ^**»{caii*ftfc»«ajns»s**stf. 
[0024] **MeftMr-fc>? i ;K. Ecc, 
r?rt©^7** * ju/ t - * oa>o!iM?&s£8g*& 

B. ^*3oU/t-*K:ffiffc*S£;*ft£-fe-7 5 9*** 
7 h ©if ^rt»«r»^-r 4 C <t * nJfifetC u . * + 

©xcn2^^xs.of ^ y - >^x*>6©)B^6ses 
c«fe©«asgK85»*«s-ra. Etc. ->t7 hrt©jg 
Hffi^B. ^2S^f>'>t>7 h©*2gnr*/i-L,r^jy 

- KX!i->t7 h©^M^©T-f*S^CC-ri. 
[0025] *^BJ©fte©.®BIK:*jt»r ^ + 
* t - 3» *> 4 /e8t>CCH:rX * ;U/ b - £ ©Jl 0 

tc^+>^7-r^--^a:we.fts. »*u<«. 

jgias^ita/^jsjetcwtt©*^^ 

^©J: *> t^n^tsfySHS.cff^ v*>i/K.M 
«, ^f>^-H?r^iSU-CJttQM©^-t±{c^Sf=S:S 

«S«f. »-©tKffl«JK:/H,>-fe5 5?i'7^^--C*C 
tt. ©*WW49-f^- {C«to-CSW6ftfc»» 

[002 6] **W©H*4««K:*5l>r«. SAT-fe 

>xuii/-cy t» Kr*>xy*R»6ft*. y 9 ft 
■fe>xytt. xo-fe^^/xRaff y-^^^^Aft^o 
^ft e>©^*^ + 1 tLh©^ y 
issi^ 1 ia±©xui2^*/^aisjcsife$ftfc^ig^ 

Xo 9 i'S-ciltRMtcijEESft^-ti^/cibK:^ 'j-^^xi 
SSKfcXa-fex^/xiiSStcfc l «±©v^X*4iSWP>ft 

*4 v?-ri>C±ifiX$ S Cite £9 #188© 
^■©Jt^a^iSiL. J^©^;i/-X9 h*Jjl5«f>6ft 

[002 7] li(Wj!i36Wcfct>Tt:t. V 9 FT-fe> 

xy 1 awic^^trAfts^^AntrW-r-s^ 

©?L4^t?^«-IBXU- h*J^*ftS. y 9 FT-fe> 
X y tfxft&fl*. p -«cStS©iJ>ii5:c^- 

^XU- Mc 1 JjLhC^NV^^jiSSjW^Sft-S. jjfej^ 

UTiSS^ -c >^iiiaL-Ci5t^Xa -fe^©2S* 

±cf. ^ + >^©xt;>B5pa?:Sie-rs. 
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[0028] ^^©ctie.oRo'ffe^iiiswR^-e© 

W&2Kfi*«tt. Tf2©*:£&tfmtt©0fl5<!:ftK:mffl 

[0029] m*<D$ZMm<DmMrj;$iW 
I . CVDVTi>Zm 
A. CVDVTi'i' ©Sfg 

aw f -tub. d&n»iwi. ^mmm 
mm. +t»t^a. »<b4&-fe8uaxtt«i©ji*j&ia 
•r-5/c«{){cffli»e.n-&. i«o«sspi©cvd 
ggiooi jU6^©«J»rMS-c*i„ mmmzwm-r 

h=&An4©{cwfflfti«attfi»«^j*wr.6. net. g 

&S»«* ©C VD^t >^J£9-£3ft^© <fc < ft»ls*> 
o^x^ffi£ffi&-r Set CVDM10 

« % m—M^ +• 1 5 tc*jc>-c^a©tg**-e©» 
ma-c©K-^->h«^*ijs«>6ns. + 

j [0 0 3 0] HltCMt/r. CVDgai 0W. 
Ic^ 1 6 £*tfSK3g?- ♦ W< 1 5 £iKS-f SWAT 

■fe>^y 2 o o*s^*n-5. tfxftmzfv- h 2 o«. 
^ifc^iitis) Kts-aTc^^U'- h2 o^mauAi 

#xKi£«« l 6©±tcg:w?>ns„ CVDg 
glO«. b-^2 5{C^3n/c^x^^JnS»r-5t 
hTiz^y 3 0*iS*n*. t-3»/'J7 
F-T-te^y 3 Ott, ai {c^$ti-5J: i 5K:T©a-7 t 
^y/*7o-f^ >i/asi^u- h 2 otcSflgcc 
R$r*j£*i 3(c<fcor7K$n/c±©^a{4gpa-c$(i 

Sfrtu&o) ». ^*^©{ag©ts«4#A4H2>-^ 

tfSgft*. T"Ci*li«:^64a4t-*2 5«. -tz? 

W?KI@&;*tlSfc-2 2 5©±^ffi*i®{kT^5 
-•5 A (A 12 03 XttTJUS^) XttSfbT.ll'S-S 



(8) ftfflW- 1 0- 1 5470 6 

14 

^x'vwuttBi 3tt&st§£«:tt > ^si o©i*jig 

17fCf8^/cft^'7-ft-3 5, R#* + >-H9-f 
t-35i?t>^i 5©±^K<fcoTjfJjiS;;*ft2.»tK 
^l/7>*^.;U4 0«:j:orH*4a'CC>-5. TTB««: 
^i3nS*i>>^-(:f--3 5©SlEtt. T^S^X 

fiajn»fc-^2 5 (iSiS) t. b-*2 5K:*tl,-C#^ 

«ngc^er*.5^ + >^iii 7Rfl©iag£jffi£ffi<-r 

10 SfcaMcfiK. 

[0031] Kifcte&o** + y -r > 4 

273 (09) cceuasn. ttt*u<\*-micm&2ti 

•C^U-h2 0{CjS6n-5. #*i&£#?i7*2 7 3 

ifSOB, y- 8 0 (09 ) 

flEUr2^©£2#XjS©<h'*>6*^i.>^l 5-y»tfc 

20 — 1-2 ot£mz&*m&ctAm&u,K mm 

4 7W. A;frtf;*#A£AP5 7**tf£»#y*--h 
v^njg^XvjfcS 5*»6©#X#AS. 

"^U- h2 OtCtfoteStifctf^lJ^x^ffi (^En 

2 1 ■CTK^nrus) icmzti, v*»mmictiimv< 

». «AT-fe>7'';2 0 0©Tlg ; &^l/-CAPXK i g 

(S^snrt^co ^ft^is^ns. ^ 
^t^Ho^tis. ^A(c. Sfmsa. (^2 

40*>6iM7-(>6 0*-C^O7 h;^-«;U^6 3tc 

[o 0 3 2 ] Kmmtem&wicte^xte. cvdksi 

0^f*>n-5^b^«+BfiSg^a-fe^tt. fctiri>A»E 
*SCVD (SACVD) tt>Wt>tlttim&ffi<Df& 

40 j£ (i^-XBW-) *jec-3r^©js*i!BS-rs. 

it-^2 5KJ:-,T»E5n, ft4 0 0~8 0 0'Cg 
a©iaSCCjfr.5C<!:*t-C*S„ *»*4J»^Ett, * + 

>^ 1 5 rt-e©*©i©^isxs©iifi. y 7 P-sofX 

^CO h2 OtcEn^Sn^tRFi* 

50 g©HifiWlC*JC»Ttt t RFfiWi. ^PtXft^ 
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mGmffl&VRFMlJi^U- h 2 0 <tffiRFH®C« 
<Df&fH*&i& $ ft & <fc 5 tt R F x * £ jR<g-r & tc 
[0 03 3] CVDggl 0(ca»UT«}&$n^^ 

7 1 1 ^ 7 X 5 5 At ^ ^/^ 7 IS 
5 tt^S&lStttfX^A^ -<>57*/M/-C3R55CC 

5 5ttA;fr^>5 7£:ftOT#x£Aft> W*p*& 20 

Xv££/SU :/U~r2 0£iIoT#f5rr£^«4 7 
Sr^LT^ + ^l 5&Ci£6ft&„ ^Xv^5 5CD<i 

m7vx^m>**^zmmmL <rf> ^7X7^ 
#^*ft&o 

[0 0 3 4] h'l"W:/X6 3Mt-^2 5CD 

c>6ft&o t-W7h7-b>yj3o, y 30 

v^^n^^^Xv^5 5SC/ffe6D^Xf*A^7>«, $11 
8l7>f>6 5(D±(D7*D-fe7^5 0te<fcD3HJ®lSft. 4> 

[0035] :/P-fe?1f*5 0te x CVDv^»CDT^^ 

rf^-r^i^a-fe^-y-s o#, ^Piz^u* 5 oceans 
$ ft/c* ^ y 7 0 Elates ft/c ^ > e ^ - % ya 9=> a 

#$o<tt, ^*y7 0tt^-F7^x# f^^-c* 40 

T$>£ 0 ^-Ff-fX^ F^-fX 

ratts*. mm. iix<DU£x. ^^>^h, ?-*>^*a 

£ft£ e 7Uv b-f^^lify X£ F^-fXXW: 
ffe<D®Wft F 7 ^ XKiifA 5 ft/cffc<E> n>fc:^-*XP 50 
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Tr^incca^i&fts. Y"7v2\*. u^Vfr 
^F3>t*a-^, r^a^s^sx^^A^/tU^ 
#-F, FSO**^ 3 ■ 

>Fo-7*-F^c CVDggl OCDQ^cdSBt} 
tt % Versa Modular European(VME ) W£CCji<£U 
#-F\ *-F*--3^ a^n^^^r 7 ^ y >->3>S 

tf*^x#«tg3ftTi,>£ e vme«?si«. £/c, 16 

f * rf t ~*^XRtf2 4 \Zv FrFUX/^^t^ 

[0 03 6] A— tf£XP-te*-? 50»-{>^7x 
-Xtt, t >^«(Df t 1 UtinS 

ft**>*^A*~*;Rt*CVDJSgl OOffiiKir* 
^^temSftSCRT^x^ 3 aa^-/ h^>7 
3b£Jg*-r*o CVD^Sl 0«. Kll 0<D^ffJ 
ifi^R^ffi^^tSfil^^if^^y-^^ U-A;x~ 
h7 5CCHX0^6ti^Ci^$uc^ CVD^I 

1 o<D^^w<hja^--rej:<$wfty->7u-A^ 

-vhtt, tiVV *Jl~TMl?l'Z?'7 ; 7<D Applied M 
ateria1s%h#>6 Precision 5000®iaiS^) RZf Centu 
ra 5200(^H«S©) &± bT^&rfjIg3ftTl>£o VJl/ 

^<D^fc £ * * >j*ifi±7 p -fe x tc*j t >r gft & BW(c 

yp^X©M^^^CCOC^ra^<D^0fB(D^-r>^^ 

[0 03 7] »3§|giS^K:4s^r«, 2oCD^r-^7 3 
am^n, loli^u-^©^ y->;l/-A!£K: 

ifi. v 4 h^>«l*(D^pJffir^>^ 0 ^>fh^>7 3 
■^>CD5t«g<D7fe*fe>-9-rCRT7 r -/^^U-<CC<t 

->(D!gSE^(cMft, -<>7 3 br^^>*»lTo 64 

^^y->paoiift?:fiii2-r^o a— v&yzuzvV'S 

0tmm?ZZt*^mc-?Z>tt#>1<C~r<< F^>7 3 b 

co«t)0«:x«»n^r^-^-F, v^xisf&oJBS 
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C £«**§&©£ <b-C&£. 

[0 03 8] 03tt. *y ->.«/- AtCffiB-r&#*« 
te>K*JV8 OtCH-T^CV D£|g 1 O©0BgE-C<fcS. 
12WcCVDgglO«, k-f2 54f«^t> 

£#XiI£;tf7 7 3. &tfAfr^-f>5 7£W"T 

fig-r ay- h sot -tjxm&x 7^273 

*t?* + >;<i 5©8Hffl&_t*JS. PJStc. ^*>^i 
5<DWM«r^a^>K? 7 3 *-C±*i£#*«i£ 

7^^4 311. SJctt^*^X^^*;W8 0^?>7 
^>8 3RUf8 5*^-LT«*&^-5. 8 
Ott. ^©ffl&tc^fcftSBrS^at^Jc^-jTS 

& o x h £^#zxixm&*&tsifzxim#imm 9 

0^©7-/>**^*ft4. #X«i£^*.rt>8 Ottjg^ 20 
9 34WU, M5^>4 3'N©7^>8 5%^l/t* 
vW273 ^jg^S^iH^ 5/c*<Dm*&iS 
9 0frP>©lt»:/n 'J**/;*. 

flaw*) *Ans. aft. :/p-fe*#*©#*©tfc&5 

(i) 7^>85X»7-f>57^PH:^ 
h*7^;^9 5. SO* ( i i ) mt? -OZftLXtf 

zximft$LZwm?z-?z7ci-a>\-a-? 1 0 0 

X) #:/cHz*K:ffl<,>£ft£ig-£. #<!©*>+ 7 hT"? 30 

ft*. fh7i?W;^->7>(TEOS) . 9 
A (He) RV&m (N2)Rt/li^«:«i:or«';>S!h 
yx?jt (TEPO) . i^'JShyiW (TEB) & 

X7^7D-3> hO-7 (MFC)(@7k3*VCI,>& 
l») Rtf/Xtt^VI/:/ (0^3ft-C<,>&<,>) KJco-CiM 
S^fiS. *S£ttMtc45l>Tt2. */*?B£Jii9 3ttT 

#&A36#$$fts. -e-n^csufeeatctfttf. y>j® 

4 l/TTE PO, UV=i>mth-CTEOS&zm3k 
<02)Xtt*y> (03)©J:5& 1 »JLt©;tf*BSSS 
*dtriB^«J**^il^J69 3'C^Sna. TEPO 

sc/teos tt^r is&as-c* ») . flbagofcffl tciso-c 
fb;**i,£„ ttf*£AK». #XiB£JK(CiSA;*tt-&£l£ 

jd^«©gs**>&oi!^*s©r#4tA>. « 

{t3#/c#x£-^y 9A©<fc')&*i' V+MxtiJxm 
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[003 9 ] WdC. MXW£'**A>6 Ott. ^-f??> 
y/W:/g 5**£S*"i. ^o-fe»-y-5 0©W»T'Cd'y 
->*'^4N2 t^K^a^X*'*-?^:^ 3tC?&oT 
^M7-f>43^»i"J->^7^>5 7K?S 

X9 5tC* y->#*£N2 ift{cA^37-f >5 7£fl- 
lt7-7XvS5 5tci33tt^. v-f*a«x* 
jU^-^ftj^ifcibK^ + ^l 5*>6©^7Xv>Jt 

- h D . #*2£©4 7 tC&T/c&Kgfc^jSgtS*^ 

>8 3*^LT#*^7^>4 3(CfftiSi*ti*oiiS 
#XB&* * V 9 3 fr&ttft* A > 

8 5 l r^«ts 7 -r > 4 3 ^f&jg;* # * c t&-e 
t-S. ffe©m&Wc*s<,vcte. ^j^9 5tt-5-r >9 7 

>9 7&iloT;w 9f>^Xi 0 5 (07nS*a-c 
<<>&(,>) ~«jltRfcKCjI&;*tf £. AP5 7 t y*- Ylk 
5 5 Kiat^Kfig^©-?. ^ti6©*«6Wc*iW£ 
X-f v*Zsifrt)\,-7\ 0 5l*y*-hW£'ai&^5 5 
-MDAC15 7SCJfAP4 3{CSS^-f>8 3K««l3n 
£. <I*©HS&Wc*$t,>-CWt. y-F^I/72 8 0»-> 

[0 04 0] -v-tZam^Ml lOtt'/^gl 1 

5«. usi 0©^ + 1 5 **<aHT-s#y- 
A*>6»n-c(4a-rio ^aai lost y*-h^x 

1 1 BIJA^tltll^tlii^ (O2)tC^*j0^. 

> (03)*^i;^. ffeolliS^tctei-i-ctt. •giSi 1 0 
RCX*y>^Sl 1 5tti< «:{agT-5.«fc»)i"J-> 

SCJf/XJilfiSS!© !>*-hWi' UjgT - ^ X 5 5 * 

1 1 bTSLVmSHOmMl 1 0*i^6*li. 

[00413 mzmmu. m&*m>frivya-xit 
otcjrorntfsni^^f^-^^oy^ASsa^ffl 

8 0 0 0TH2>"^y#iS> C. C + + . ^'^*;U. V * 
-h7 >X«ffe©mJ§© J: ^ ftS£5fe© 3 > b" - * «|g| 

3- Kl*. fit*©7 v +x h^yBy7A4ffluti/> 
y^^r-r^XttViU^^y^^KCaASn. 3>f^ 

- f © ^ * y x a © <t ^ ^ a > f * - ^ m<o mt¥ «c 

IBtSXtiiRS* StiS. IE1A3- Kt^+x h *s?S*5g^ig 
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^-f^-a-Ftt, ?WC, ?*3>^Jl/3nM^ 
> F-X9^9«-->l'-*><D*^*3' h ^ - F <b 

trr£/ctf>K:, ^fAa- tm*:/^*^ Hp- F* 

p -fe x * * >/< £ zfu -fe x -fe u £ £ if ^>u- * > 
1 5 3teCRT*~*CC^3ft&^:*-XteX^ y 

ft& 0 :/P^XHzU**1f:7;l,~^> 1 5 3te, (i) 
mm<D7VizX* + >'*RV ( i i ) ^rS<D^a*fe^^: 

«»»8W©J:9a^ia-bx*fl: % SSL EE*, 
ho>«*U^ <RtfRF:/^XS*£ffl*fcSg|6fflte 

tf^ + ^SfflflMasri"*. :/p^x^u*£tf>Ol/- 
^> 1 5 3tt, *f>'*l 5rtt?«F^<DB#R|t?tft>ti-5 
^n-fe^(D®M mm. 9x/^», * + * 
t>Myy^y>^ »j7P->f>y) 4«iat^ & 30 

#^>*~:7:*~X£/?§l,>TfEAi*ft£o 
[0 04 3] y'n-fe^^^r^^T^fi^-^. ^>XfA3 

>hu-7<DTl-u#Ajj#-~ FRtf^iuMJj*-- 
FCCJ:or#jL6ti, :/P^X£3HJ^T£fI-5|«> CV 
D3k 1 0 CDT^P ytH*^- FRtff^^Ul/tttfjtf- F 

(0044] :/P^*^-^>1Mf :/Jl/-^> 1 5 5 40 

y;U-^> 1 5 33&>6©^o-fe^^y-*—fe^ 

x-fe? H*>^Rtf:/n*;***>^:r>^*KAr* 

^^Rtf^a iz* ^ + >/<^- >^£iaAT £ C ttfin 
#&<DT, 5/— !r>lMf^-^>l 5 5 BJJrHOEM 
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( i ) *+>Jwm^%tizm&icu^?ztcibtc7 

P«^^^>MCDHff«%r.jrr«^9 L 7^ ( i i ) 

f-**, SCK ( i i i ) ^n-teX^-^^CDfiWapItBtt 
RCWrbft 5 ^ o -fe x (DSSKig^l, >r Bf a ?*P *te x £ 

SHT-rsx^^^ff ^'p^7A3- F*d*ti&. 

*-;Hr&i©^ ^-*>-*-y*>Ol/-^> 1 5 5 
fcy^xxKD r^g&j % Xte^x^A^p^^-a* 

[0 04 5] is—4r>1F9"?Jb-*l'l 5 5^ :/P-fe 
x^i>>^<h:/P-feX-fey hOfe^ttaP&tcXfTl/J: 

>15 5tt, l^^at^^W-^^>- 
4r>1M^^-*>l 5 5te£^TifcS<**i/c:/P-kX 

■fey hr^ot^n^xf t>;n 5r©M©«^i^ 

TSo W*.tt* **»<v*-i>*-l 5 7 att^P-fe 
** + >'tl 5rtT©CVDacfi«»^ , a'feX»ff«:{W 

•rr*^py^A3-F*^rc»a. 

h * jour socoiwft^ * >^s»<3M»fi5«warr * 

160, ^p*fex^^®iffljif^-^>i 6 3, ayiftj 

7. zf?x-?%\myzf)i-?isi 7 0 % fejAttUMnir 
^-^> 1 5 9a^y ^ 3? y >ywflP*^-^> 1 

6 9^4, C V D ^ t (DiegscS^ur , 

p*fex^^>^^i 5^-ctT^n^^P*fexw:S^^rfte 

5 7 a«H?f3tl^fi^(D^PH2XtC«eor^P-bX^ 

^->r>^^y;l/-^> 1 5 5*^Pt^f tWq 5 
S^^p-feX-fe^ h^(CHfTt4Ci4X^jL-;l/ 
T^cfc^kl^P^X^^^l'-^^^X^r^^-Jl/T 
4« ft§2WCC«, ^ + + 1 

5 7 ate, i^? t >^^»«:^^ ft 5 7 

nif?n-&^D-fext7 hco^P-fe^^-^y-^-ccs 
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[004 6] CCT, li^CO^ + ^-'-N'fiS^-y-^l'-^^ 

©j3m^04tc-x>-cie$£-fs<, mmzm-v-Jfr-ry 

Sfi&tfxaE-?^.*--* K2 ofewapg^sfliai'r^fc 

g^a^'p-fex^ + w?! 5tc$StS3ft£il io 
^ t-2 2 5«gffi*Aft£/c*t>CCffiTU ^(C. m 

j< - 2 *-KjeS Ur t - * 2 5 <DjlSil£i!HJSp-r 
CO 04 7] T'P-feX^XSIJfflllf^l/-^^ 1 6 3«. 

•CCD?- + >^'KS^-9-^U-?>-C*S f- + 

+ — «f-7*;t>-?>l 5 7 atCioTPftfaH^iatt. 

fclf:/;u-*>:7*PHzx;^y-*-£gK»)is-r. 
WKtt. T'a-b^^^Jiraiif^l— ?> 1 6 3«. #x 
>£PJiifcU ( i ) »v^P-3>Fd 
-7£§S#1X£. (i i)gM»)?:ft>^-y 
+ — V"7*-*Z/\ 5 7 a*>£^mb/d?T§!©SSjI<!:it 
ighrs. at? ( i i i ) ^*B«r^«Jte^-<>©«aS* 30 

fctstHk-rsx-?-? ^sns„ •ixuzT.HT.wm- 

7MU-*> 1 6 3tt. Sfc. SSSnSSfMT'o-b^ 

X©#xfflJ^tfii£iI£$lja)-f f^§WHSSW«. 1 
*jS*S:/P-feX;tfXiM^:/;l'--? : ->6 1 3£WU 
&iJ-:/;i,-?>6 1 SfcHS^T'P-tzx^-rrT'XB®* 40 

[0 04 8] fcST'atXTtt, 5JS1*fe7"P-feX#X# 

Uiitf. ■eo^P-fex©*!^ -JKHz-Ai37.W®yrf)\, 
-?>16 3tt. * + >^m>JE:ft£S5£<tir*©(C<J* 
^^ra^Fffit4*'^ ; &5 L i'>^l S^iSOiiifX?-? -f 
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•;^#x£^A-r£X7^7'£^i?J:5Ct#£i2 ! * 
ti*. ccffO^PHzXK^^am^ftSJS-^. 
m<D ?'p Hz x #X 7 a Sfc&K 7" a -b x #x 

WW*:/*-*:/ 1 6 3tt«*S;tfXi£ t ^^©Uft 

p-bx^X'7P-jtgtiyp-feX-'S7^-$-i U-C^" 

p-fex^/x$ir(aj-^^-?>i 6 3«:«§ns. Mtc. 

7 , p-lzX:tfX$Wtf-x\>l'-?> 1 63«. — 5£©:/P-tz 
CitcJ: *) BrM©^o -tex #x 7 p- j&gfci&g&tfetS 

im>^?um.w>smmtit'<.x*:=-ii -enters 

[004 9] E*W8P^Jl/-^> 1 6 5 «. ? + 

ticiKio^t^i bfo<DWi*mm?z>7ntf 

X*tt. 4ypfeX^7D-, :/P -feX ? + >;<©-? -f 

•y-^U-^-^l 6 5*iP¥0'*>W6*a-2>^. 
B^BE^J U^bdi? + Is J*-7 is + 7 1 
5 7 a^e^^^-^-iOTffiOilStx-S. lE^jSfjeP 
-!^7';U-?>1 6 5«. ? + >^(cSM$hfclHh© 

fm^*>6aiaBE*K:*ti6-r^P 1 D (tfcW. 

um&) m*n. t^ntcp i Dmicvt^-c 

?>16 5B, 9 1 + >-'^l 5f*3©Ji^J?:©fMU-^;l'{Cii 

si-r-s/c^tcxp !. h^<^^*ffl*©r/-«-?+-9--f 

[005 0] t-^Piai-y-^-^^l 6 7«, b-i» 

25 (s^si) *i«^-r-2»/c»tcfflt^n^t-^s 

IR4 7 3<Dffi.g.4:fflW?2>7'a# : 7&3- K%gtf 0 0 

aCC < tor^*^6*i-Sfc-$*IJtJp-9-7'>il'-?> 1 6 
7tt. A^ib-r^fM©S«/i9:^iaS^^>-f 

Tdes ^BSfOiM-r (X^- 7*5 8 0 ) . Xf^5 
8 2t?«. t-ZfflWy-ffr-f-^l 6 7B, t-»2 
5Cc{4g-r-£.^S*f©^BEtH^*SiB£-r-5.Ci{c«J:«3 t 
-^2 5©3H5E©SS ; &fi l J^S. 3Sa©iaS«T 
(k) klit-d'^JiaJ^^U-^^l 6 7©3g 

^E©B#paxr-^7"-C4>4. 3>ho-5«, SS^^ 

©*ficiaa j &a^-^x«4 ^^4ffl^-raa*ma 

?Z>C±<,Cj:t)m&MmK&t>UeLT (k) *ffS. ft 
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I 6H*m&Wk£*ntii-rZ>o Errtemp 
<b7nSn-S?ae^«» SEr rtemp(k) =Tdes - 

t (k> -c*«>e,ft*. 

[005 1 ]^7-^584-Cli. M-ZWm-fiV- 
f>167BEr rtenp (k) ©i|&fctfiIK:g-3(,>-C2 -3 

(Xfy7'5 8 6 RCX 5 8 8). ^©T^*'; XA«. 
Sg£3rMSS. Tdes CciEJiKflHKSJ-rs. iSS^M© 10 

'^•9-X^-^> 1 6 7«jaS^>X$fJS[lT^=f'JXA5r 
jg^-TS (Xf^590). ■^©T-rt^yXAW:, b 
-*i&K*50rMS@L Tdes (Cjfi-^<SS**lJfflI-r-5.. 

[0052] iSglSMT^yXA (^f-^586S 
0*5 88) ». T?S$ft:WTdes K.&l>m&<DUl£. T 

(k) **i#**J:5fcfc-9 2 5KSfej£*ftfcflO& 
g*tc«*& 3 ft SSTJ Sr«f U < -TZtc&te. V * - ¥>< v 

XAt©7 -f - * 7- FMfBtt. ft>/«Wft3 

hfc«7 o-RzfR Fn?}<Ds.tmmz**x-2>mw.u 

v 94081a. fifflKHE r r temp ( k ) ©l&ffJ^S&CCg 

mttw-mft-wift (p i d> *trajg*ji§<,>s. p i d 
*hhb, um.wkm>mK.M&K < mt<o t .- *shj8pi&-c 

fflt»6ft-5«S©TJl'=J'yXA-r*5. *ft6©*-* 
I*. B*HI©WiSTdes ( k) &£MU ±fBP IDa 30 

a. 

[0053] #«Hjit?tt. as^ii©^^* 1 ^*^^^ 

y&HJ: «)^#c>J€^{Cfc-9 2 5'MDS2j=&3HJSP-r* 

/c«?)«:aS-5>^J©r A=fU XA v 7'5 9 0 ) 

€J8t»*C&«iff*(A». *©TJU=ryXA». NfFHIX 
^9XkfcfcW5Slg©^fciiK-tN&.ST' (k) 

*6ttss4fcau»*M«3 ft* wti«»6r, afl&Hft 

9>^miTA=fUXA|». T (k)£i?r3£ 
©WSB5>XU-MMfc. T' des ( T) tCi|HJtB)-f 

- * 9 - FRCttbM? 4 - K'< » 9*Mfg£ 
ffll>*. f?rM©5>XU- H*. £CCb-£©iagW& 

3*;r*fcSStC*iW-2>b-*2 5©^->a 9 

9Wttccs-5<. «e->r. HfrS©-7>xu- Hit-* 
©3iSE©iSJSse«:s^>-raiis or^t-r * c t#t? 

[i^©^at:X©?afi©iBfflF*jT^>3 9 9€iBtt 
S©«:+^K:<gi,»SlSj$SfcS-3i,»r— StctftSSftS 
Cit*4. ^MT^^yXAtJ. $l&S«Si<t>&ft:*> 50 
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Kt-*«c^3ft4«*a{tau*(cM^4l!BPBffitt* 

[0054] mm.u&mv 

2> C <t tc «fc K> =Z> > X U - h ^ilffi-r -5. C i 41** 5 3 > 
ha-7tt. gfMSg. T' des (K) *M&fc©*£l$ 
ra1Kr^3ft^Ci*«aETS/cW-C*S,, S3K© 
B^Kfc/c&^FiSj^XU- H*T des l/#> 

L&*sp>. SST' ( k ) ©Kra^t2SB-e-©p^PB-c 
itm < ■*>. k*ss©* sRgBi-c?ag£33Efr * * k 

-TSflW&^fSSftfcO. 3>hn-^«^rM© 
* ^ T' des (k) (C-CfrSfSO rii^-5< J Ci 

T des -e©^^y*«:J:f)^> 

3v?k«i!H4i;5. jeffi^xw-h^asiiaj-ratt 

{C«t<5. *»W»-€-©»ffiW^y*4iSW4*>©-C* 

[005 5] H5tCB8L-"C, MWtfJtC^ym&TJ^zi 
yXAtrCCtC^S. BrlgaK. Tdes *?J)Utc'& 

Uf^580) . JgfcfigT (k) *8J5£0 C*^ 
9X582) . S£^M£aK«> (Xf9X584) , & 
tttfc#tt*/BC>-C? >XW»T A=f v XA*i|8^©7 > 
XU-hT' <k) =fe»Wr.5. T (k) ©3H5E 

fflCca-5l»r»Ttg7>XU- VT' des (T (k))^ 
^>XU- h©|g^E r r rrate =T" des (T (k)) 
-T' (k)4«*5 Uf-^5 9 2SC;5 9 4). 
»7>^i/-hT (k) «iaS8'J5£i*m)ffiH«: 
♦d/cSSJ^SST (k) *>P>»ai;*ftS. ffi^. T* de 

s (t (K^it^^mmmic^-cmLo^m^ 

4>SCi*itt4. <1<7©*56^«:*J(,»T». T" des 
(T (k))«i^©-^ffi-C*££5tcia5£3ft£. 
U7>XU-hT- (k) tt. gf5£©5^j$gf (MA 
«. <!^©WSM«:*jc»r{iffL.c^^B#pa©i Ofg. 

i#) -css^ix-s (bp^. sdsrr*) ci«:j:o*««> 

e.ft-5. ^«C. 1 0 5^©^4StHL-. M©1 05£W 

*nz>. ^tc. ^s"j^ss©sst» : &©iiiL-cgcm7> 

Xlx-hT' (k) {c»-r^>„ ^tc. 7^U-Fgi 
E r rRRate ^i^©^lfifeM^C*JWS-5E^iT• des 
(T (k))<tSCW7>XU-hT' (k) P^©M*HSIS 
CifCj;«)^J*6ft-5. ±ieHifiM«. ffl(,»e>ft^ffi 
^^©M-r***^ <fc9««ttcTSffi©^ffitftfl©ll 
ifcWc*si,>Tfflt>6ftS. ^©^ifeMtcfct^rtt, flk© 
K«iSS*5^C»6fti. 

[0 05 6] X 7^9X5 9 6=Sr»l/<a^4fc*K:. ffl 
^ ©l«SMK:ffl C »6 ft * MfRlHtt«^CA-Cn% 3 

ft-S. 

[0057] P(k+1) = Pmodel (T(k) .T'des (T(k))] + 
K p * [T* des (T(k))-T'(k)] 

JCdJ. k «31SE©«FPax 9 X-C* 0 k + 1 U#C«)B$n 



(14) 
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^f-^f*5. P (k+1) BWi^f^tt 

iSg©M&-C*£P model [ T (k) , T* des (T 
(k))] BT (k) tCfcHTTT' des (T (k) ©7> 

«. a-«8U7>^U- hiiErr RRate rut 

tztamvA^mn ec/#))-c&s„ ra* 

©fUfeMfcte^TW, Pmodel [ T (k) . T des 
(T (k))] ISP (k) tcia<Hr«»C<!:*s-C#So -€•© 

[0058] 

P(k+1) = P(k) + Kp * \J' des <T(k))-T'(k)] 
P(k+l) - POO = Kp * [T' des <T(k))-T'(k)] 
fc-*©l£g#tI«-C*S/<:ist>(C. ^*i!B^3n-5B# 

i mmwm M©*sm o * mrnorsK. r tut $> z> . 
Mil a. t-^cDiaa^^-r^D^o^fMo^^^u 

LfrLft*^. S&«£tM7>:/U- FCcSEoT 20 
filmSti-i&W-S. VfrhtSiifih. ^©^ratcior. {ft 

-* «k0ii<fPffl^s©-c. m^*{ST3-e-rff. ^> 
- H*-£©5£?itffi«:ii-r*„ ^©^ra^-c/hSftic* 

[0059] Kp fifte. af-Af-i/*- hR^S^M 
©^t34«Sf4. Kp otii^ctt. JStttUti" 
t5«Silfl^i<>. K P A^hSt^^tttt. J5*f 
A^it*. ^SfftiCtt. Kp iZ$kftMW1} i m<D1&g$:m 
8>Ztc#>t,C. BP**. ^-wn'-V^.- KRC/t6ita«:^3 

£L<\ZZ<DfflWTJl>3V XAX-mtZtlZ. *©« 
tt#f * C 8t1i*NI#©S Ntfc*VJ>5 

static. mzm^immLxnm^titjn,K se-?-c. 

t&fDB8»«. Kp *i-5>XU- f-glg. Er rRRat 
e «Cj£|:bP|-r^J:^«:y-r>Kp *$&*& t JK:*-!ri^- 



-cm:. tgMtt/h3c>©rW2SKp 
[0060] mtfmzmibztcibicm^fitizM&fntj: 

-e*l?>©3P3£K:ot,>TP (k + 1 ) «±-C7nL/fc$l]®^ 
{c«ko-r^$n/cm^?:Si*-rs. PKk + 1 ) ttt 
-2<,cmi&2tltcmBk<D&t)-V$>2>. P' max lo 

©sjiax r ? ^^^^^©ey&m^osf^a^WFSS! 

jfC**. JM*fflftS&fflMfx»;fc©ffi9-C&S„ 
[0 06 1 ] I Kk+1)-P(k)l > P'max^6«. 
PCk+1) > P(k)©*&£ Pl(k+1) = P(k)- P'max 
T5c& P(k+1) < P(k)©*§-£ Pl(k+1) = P(k)- P" max 
S/ctt Pl(k+1) = P(k+1) 

grLl^fflUKpeff (k) lJCC-CBB$0^f v ^kCCfc 
«53>H2-7©f!5liy-f>itS3nS. Pl(k + 

1) =p (k+i) rj:^mmK<om9iiy^>ity^y 

Kp «Clf 0*>l,. S&SlHSfcWgfBSn 
±IEiC©Pl(k + 1 ) £P (k + 1 ) tCg#Jft^.*>o^ 
5££ C £ «: «k ») SUS ft*. 

P(k+1) = Pmodel [T(k),T'des (T(k))] + K p * [T' de 
s (T(k))-T'(k)] 

fflUKpeff (k) «^©a»)-C**. 
[0062] P'max = Kpeff(k) * Err RRate (K) ; 
K peff(k) = P'max /ErrRRate (K) 

^>xu- Y-mmijzz^m&icimyj >«r^s < -r 

^^©Mta^S/J^-r-S. cfttcj:^ St^>^u 

- h fflwfr e> t - * fcstr zmmm&*m'j>-r * . u -> 

uxau:. ^/j^^^u-f^m^d^^©^© 
^©it,iias$ij(ai*^o-s. 

[0 0 6 3 ] 7'7Xv*IJfflI1f^l/-^> 1 7 ora. 

17 0tt t ^+>^*1 SrtWT'CHr^SeccEnttlSiifc 
fiSCKflS^^ R F m^J U^U*I9^ U*>ofi6ffl{£^jS 

*>*>$mWifi-? ■< t> ojgSE^ U^KCfflC* 6*1* 1 
^X-v*IJiai-9-y;l/-^> 1 7 OS^RFm+JU^KC 

fflu?>nsffe©-7'^xv$ij®-9-7';i--5 i >i 7 o*wr 

[0 0 64] 7"^Xv$IJSl1f^-^>l 7 0B, 
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-XD-l^Xifflm-Jfr-l-Zs 1 7 

^-^©.fcSK:. y-^x^JiaiiJ-^-^^i 7 0 
«5^ + >^-5'*-y + -- ?7\;U-^> 1 5 7 ate J; or 

*ji>-c«, 77Xvi|HHSPif:/ji>-^> l 7 o«v^*a io 

A V 7 h x T ti^- h rOl^ 2 8 0 % wr .£*66t&lK: 
[0065] »**ftttJ^^-^> 1 5 9 W. ftiSCRtf 

7c. f + >;<7*-y t-t^A-f > 1 5 7 a KJ: o 

-cpnwpwens. ^•mmmm^^-^^i 59 
^kmm<otx^9mmim^mmum^zf}v-^> 1 5 9 

[0 0 6 6 ] tg^tti-o-a*. ^-c^v*-^*— y- 
^;u-9=->l 5 7 ate^TPH«>>Wfctt.&y? i>V> 

#<mw-?n>-*> 1 6 9 *i^*ns„ y f 3f y >#m 30 

1 6 g«. w«j'-x->$ f . 
^7 -^y-,* y>$^«m>&*i*yy * vistfzfu 

^(c*ji»-ctt. y? * «;>y$tiai-^yji'-?> 1 6 9 
«. ffiffl * y - > u b-t n^b-e-c y ? * y > yftj® 
SrCEifr S tabic f y - > u»> ectgii $ ti/cJUS v 7 
h 9 * t fcufcxaH} & t £ an? # •*>. 

[0 0 6 7 3 ±IB{C^$*l/cC V D^<Dltt^« t 

tetj^^^©^©^?--* >/u>fflt,j?>ni 0 ta 
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l>6ft£<S*©T.>l':JyXA < tfxMX'? A 

£>£. MK. m^-y-Yfa ha>iti» (ECR) 7=7X 
vCVDf'W^, gt^^MSSSS^^XvCVD^ 

i£KWffl&s§iiJi&t>*^©j§£fi^ soffit*, ^-ru 

[0 06 8 3 ieRC;!?^?^,:^^, CVDgl 

si oii. iis. K£^+>'<i st^-c^tt?*^* 
3a#-r2»stccoisi)-r-2>t-3» (^x^^^x^x 

tt-y-X-fe:/*) 2 S^W^SitAT-fe^y 2 0 0#s$ 
Sti*. ^o-fextfxtt. -i;*^±t?5*ar$«ciiSS 

tfX*^>yX^*:/*fr57cg>«:?- + >/<l 5{Cj£6 

ft*. #X#SB^2 0 5 (06-012) (J^X«#&jS 
90 (S3) :&>i=>3*^±&c:7'a-teX;tfX£#52U Sf 
M2 10 (I36~0 8) tt^a-fex#x;Rtfffe©£SS 
1 5ipt,mm?Z>. CVDilgtt. MtC. 

^x^^ttj^o*^^*^*^*^! 5rt©jKM<ag 
-^_hisj#fc:±tf.£fc-£2 54^tft-$/y7 hrt 
>^y3 0 O 1 « Si 6-2 3) 
y^r- hv-fi' 0^^042X^5 5 (01^0^24) 

C V D$|g 1 0 SCtag;* ti-5. . 
[0 06 9 3 06tC7n3n<E.J:5K:. cvDgglOtt 

+ >^1 5©«^©Rg^-K:^?g[tt?ft*P^2 15*SS* 
ti^o Mi*^*P»2 1 5»> HfST'D-bX©^^-?-*! 

6©fi£5>±ccM*-cc^«ci>Jta*s/htcrsfc«)Cc-?-n 

^©^♦^^^©SS^WSi^tCfpffl-rs. 

^ip^2 i 5«, t-5»/y7 hr-fe>^y 3 0%/m, 
tr^jfl**eys&-r z> i *t©*^ss^2 n, 2 1 9 s 
i^^^fij*^x^i5^2o 5 icmzmnm-?- 
p (S7n-t*-r) *ifetfcaiS2 2 0 

(SnvttT) *>6ttATH2>^y 2 OO-s 

[0 0 7 0 3 A. WA7t>yj 
SeSC/Sl 0-1 2(cMLr. ttAT-b>^y20 0 
«. TJU5-^AX«^SK'(bT;U5-^A©J;!>/«C^' 

tixm?? y->^x*^A'S4 3«r/M/rr-fe>^y 

2 0 OF*l©F*9S5y v PT-fe>^y 2 3 0^j££fl-g»y ? 

Fr-fe>xy2 2 5*^sn4. rt»y»pr*>^ , y 

23 01J. t-^2 5tc^$n?c5x^ (s^-et*) 
±©^f>^*l 5£#tC#'X=&#ffc3#£<fc5*Ct»fS&-r 
-S. I6K*3n5J:^«:, y»F*^-2 3 3». « 
AT-fe>^y 2 0 o©±S?©fi£»«:ecaut:*j») (BP 
*s. ^-gpy »y Fr-fe^y 32), ^x^AS^Siia 
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CCO^T« v 3 3ti'; v F^^>^"2 3 7<D~? 

1 6CD^^±^t^tCtTt>^^>W0 
&£235#$£nS, «J^K^-2 3 3lt 

*C*>£„ »J^Fb>^2 3 9tt. y * K*7^-£gJ0T 

2 4i^n^ e io 

[0 07 1 ] 06fc7r;3n*<fc5K: v SA7t>^U 2 
0 0 X^P * ^ KT (la^T) SC/X y * 
^HP2 4 33Wd*ti. •>*^K»T-fe>^y (EWvtt 
•J") #«5*/NW*:/0-fe**.r>rCl 6fc:|ftaiU 
^W£t~*2 5KiSi±£ 0 2 *^K*7-te 

M3hfcfE*©P#* h«»r**C<b#»*tA>. 
a«D4P#9 h#»7-te>:/yW\ MaydanO*l^»ffi3 
ti/c*a«F*lp» 4 f 95i,60««:iB«l3tir*5»), -£<£93 

[007 21 07, 08, @13Mil4(Cilt, 
1 5©JHH©8A7-te>:/y 2 0 0CDrt^2 4 
t}AT*fe>^y 2 0 0©S/i^7 2 5 2±tC$gg 

$ntc^^t>A'7^t-2 5 otsbnrc^, * 

+ >^-f*--2 5 0te:/P^X#X£^*^CDj|Hfc: 

»*«AT'fe>^y2o oAoaa^/hs^or, 

-2 5 0ttt-£2 5<DTK1?-*>^1 5<DT<£>SP#^ 

ac** + »<l 5CDTcolH5^rcDS*tiri^(,iiia^ 30 
*fc«>^»AT-fe>^y 2 oocDr;i/5^^ASit- 

^51©^^8S«8tS. mum*. * 
-f^-2 50«t-^25±©^x;^« <«*. 
«, 5 5 0"C^6 0 0 - C) *>e>?ft/cl^HC0^ + >/>*S 

-J* -2 5 0#fcl>£, ^x>'^<7)^(D^J^^ffl^^cc/^ 

< 0 7>ft-250lt ^S^P-trX i&5 0 

6*ifcrt»2 5 3 MFSO<». 
^^*--2 5 0©rtaJ2 5 3ttWtr^5^!>A. 

rtSP2 5 3©*3tt. Sim, #j3imr-2 5mn 
($30.1 % »SU<«^5rmr-8nin 

<»0.2-f:/*^0.3-f>*) 

[007 3] 7^t-250lt TJUS-tfAOJ^fc 
"fe^ 5 ? * J:D»JW(CJBaStt0>fil»»*»*dtm»2 5 
5*dtfCiJWfiF*tA>. nS52 5 5tt, £fA7-fe>:7* 
y<D^xJU7 2 5 2±*Ct8jl3tir*J0, 7^t-2 5 50 
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0©F*jSB2 5 3*3tl*"r*aitty * K2 54«r^tr. 49 

1 4CC*3h*rt»xr=F* 3T ^*2 5 9 £Bti»-&ffitt 

2 5 9«, flflJ* + >/<S*>6^-f:r--2 5 0©rt»2 
5 3 (D*6»*^^«: UT^ *^iafi<D$J— tt£(6«>& 

( ■> x"0*fJKt£JHH4>?- + >^ma©/cfe«:^ 3 

7+>^259tt, ^*-2 5 0«c/«Mfc#ilft<D 
T**>A*ffi£fc-*2 5H©ft ^tlCCi* 

^S^>tC-r-2>o ^-f*-2 5 0CD^gP2 5 5Oi?3«, 
iMffijl 3rmr~5 1 rrm <**J0.5 A >^-2 , jff 

£U<te#j23rrirr~28imi GftO.9 1 -f > 

r*0, i7ft^O»8lt ii^tt5iriTr-3 8 
im(tt0.2-f>^1.5-f>^) , #2L<tt#Jl 5iwn 
-2 3(iin(«0.6>f>^0.9>f>^)'C*^ SSK* 
^-2 6 1tt, ^^:T-2 5 5<DJ:BK:EB3*VC 
#>^^*;U4 0(DT^^fi£-r^ (tttt) o mViX 

2 6 2 ®{br )V s - * AX«Sfbr )\> 

-2 5 0©T^5-«5Aj^»2 5 

[0074] rcwj^wc* (a^w ) , ^ 

-/*-2 5 0\ZmAT°tel'ZrV<Di'*)l>y 2 5 2 CCigg 
3ftTC>£F*9gff-fe^ v *Sfc&2 5 5SM<>:/^ + * 
;l/4 0(DJS*JB^rr^3g«^7^<- 2 6 1 *Stf<D»ne* 

7>2 5 5<b«AT-fe>^y(DrtlgPaOxT*>^^ (0 

*»AT-fe>^y©Jft*l«^6lft«L. ft>^*it 
2 5F5CD^-r -y^^</c^CC^^^-2 5 O^C/1 
3*#ii4. 
[0 07 5] B. 

06^0^01 0-1 2iCHLr, ^gpy^Kr-b>^y 
2 2 5(J, Mt v 'J? KX«^-^^U-b26 5, ^ 

>*'Xvr.t^Jl/K2 7 0, ^P-feX^S^gfe^X 

ttAT«MB«#9 ^^273, AomKstzfyxa 

b'W72 8 0#d*h5. y-h^2 8 
oa&sfiar*o*oii.ajy ^ FT-fe>^y 2 25W 
M/Xii^D^^4*^^2 7 3^y- 

fc/c-T Ccil!RW«:7>ffi 3ti^>J:^cc^I!3n-2>Ci 

-C*^>o a8(c^3n€»J:^CC, ^/XiE^^^^X2 7 
3, ^y->#^v^*-^K2 7 7affy-h^^ 
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Sg2#**ilS§8 3. 8 5«y^-h2 6 5©^giJCC8{0 

8 3. 8 5te&*. TEOS. TEPO. -^y 

ffiR. (@3#M) 
tcS^a^Sn/cAP. &tfgA«4 3*:fM,-CF*9gp 

y ? ft*>^»j 2 3 o^jMsfucctfxfcig^-r**? 

^X2 7 3rt(Dil^M^9 3<!:jii;-C^StHP (EtjH* 
[007 6] ^X-vMStcoor. CVDKglO*! 

f m2>£ ? * * ^Epjjn-r s c <t * pjsttc-r -s 

JIS&8 3. 8 5£Jfc:g-r&#*:7 KXA-jK*** 
ii XV 4- h'tfv *X©iB*Stt ( VfanqCD*ffl*JilFSfJ 4.8 

£***>©£?-■&. 

[OO77]01O(C^n5J:^K, *y 

K 7 0 tt. #**AP 2 9 0 2r>6 A*l*>->£© 
#*£i£f*jI!S2 9 3*^Ur^ig^f ^^2 7 3 
"&SaHr4 7**S£tl&. y-MW:/2-8 0B. # 20 

7 i> X 2 7 3 -vrgSriliii* C t SrjIIRW 
«CBjtl(c^5,^X«B5±-r*ji8S2 9 3|*j(c@5t;*ftfc 
Wf-fyV (07nti-T) *^*n-S. y- h^^2 
8 0B, flFttst> K;l/2 8 1 (CioT^ttlSftSfrXtJ 

y-h^^soa^n-fevifsorswsisn-s. at 

# <£. y- 8 0tt^Xv^5 5* 

6>(Di"J->^x4#5.i'^2 7 3^jiii3-a'5J;^«: 
iAf43^0rft>ni 5->.j&6ftSS 

yrs. 30 

[007 8] 07CC7^3n*J:^«:. ^y->;tf*v^ 
*-^K2 7 0ti. ^gl 0<Dt*AT-fe>^y 2 0 0© 
±©gP^-K^L/-C-3< if4 7IJ? i t>^15 

©±gpa>6ffJffiSC[S]#>o"C jg^fcttrt* *) Xte*7-:/a*£> 
5. vx*-;l, K2 7 0©^"g4 7«^g 1 0OMA7 

•b>^y 200 emmpiicmftLXBfs.stitcmv&^o 
pap*wu b-^2 5*ifpi!i3-tf4fl5ia©fcj6K:anigi 

3ft*. *©jI88tt. F*3SB5-f?— 2 9 1 £IA 

r-fe>^y 20 ort©a«8©rtffi*T^yy-^ i g2 9 
^6«ar-5<k^K:flft<. 7^-29 11^ *y- 

AP5 7A>e>T^y^-f©2 9 2^iSA$#a-S. iB8f 
Stt. «AT-fe>^y 2 0 0rt©^+>^ 1 5©T©^ 

tt/cW i> n&x*;l/=F-CC<fc ot7^'J y 

-3f«2 9 2*©^ y->^* 5 6^xsns. sai 

0©T©Jfc5 5©ffiS«, ^ES^iJfe^ 4§S3£©?- + 
fcy*-hv^i»Oigy7X-r^553!>^gl 0©'J v 50 
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SIOO'J? K©Hfifct#gfgtCfTfcft£. v-^ojfc:? - 
*3nS«fc^tC. iSA^ 3»ycHz;*#X£^i>>^ 

1 5tc^srtgqisg82 gssa'iSt^^^^ + ^/^j* 

•5.01882 9 3 £ffiOTl>.SS|?tt?J-a5iiS82 9 7*i^$n 
[0079] ^.-X-f\y~ h 2 6 5©±ffiX««:aii{)P> 

W. ^*Pfi0v-*-jUF*>6'<-^7*U-h26 5F«1© 
Sttt%iP8iI^ + *;U9 3 (I8SOB9) £rt-LT#I3 

^uxwkm^<DV\. — h 2 6 5 spaas y » yt^zst" 
y 2 3 o©^5-*6©^i%ji«£&f)Sa : ^fl«j{cy *- h 

KT-feW; 2 3 Ott. iiS. ^-X^U-h265. 

T'a-bx^scx^y-^^^^ + v^'i 5"N#fJrr 

SXP^*-XW^^^U(XU-F3 0 lR^f?^ 
FXS**fX»i5tyu- h 2 0*s^**lS„ XU-h3 
OK 2 0tt, BfS^DH2^tci5i^.-SC:iAS-C*-5Xu 

«. xu-hsoi. 2 0B, mitrnz-o^xam 

{tT)V5.~V<U (A 1 N) ©«fc5&-fe-7 5 2» ^***4X« 

#tfC<b*i-C#* 0 »*U<« > ^U-h3 0 1. 2 0 
«. ^l/-F301> 20 ©^ffi±©^^*S*S^i>«C 

t'u- 1-301 kmmmtTJi>=.-v axft 

»{XU-h2 0ttT^3-'?A?r$t? o tiXfHtOBt&i} 
X»»^U-h30 1. 2 0tt, s^-^-^yu-h2 
6 5©T©ffltCilSS««>e.nS. »*0<«. ^f^iS 
R^tft^U- F2 0. 3 0 1IJ, §f<-xyi-F 

2 6 5©T©ffiK:aS©fcDlil©*£IX9ttW*aD3 0 
3. 3 0 5tfl»m HStD^W*aD3 0 3. 30 5 
«. tfX^ERtf^tfc^U-^O. 30 1©S^©« 

h 2 6 5P B 1©tb®WL,-o^») Ltcm 

s*f*M©«M*-^^-c-e©ra©^mi4^^*^«c 

■T4 (Tri¥«B«:^6n2>) . BK*)ttWfaD3 0 3. 

3 0 5B. x.y^rjl/, HasteloyCS^^ffi) . Haynes 

[o o 8 i ] Wi8&um9icfflux. ijx5m.y\s-v 

2 0«. -IKs- h2 0©Sfi4ffi<b^-X^U-h 2 6 5 
©T©1S i «r*^^t>1i--5fcd{)Ci:ffi>)^W*a 0 3 0 5 * 
Att£1g£$[©?l3 1 S *mtr vlsV-Z 1 3#& 
aUKfcKC^eftT'u- F 3 1 

h26 5«, ^^•KXU-F2 0*2 6 5©TE3& i e. 
|!i|gb^o^D-fe^^x*1g»©*'X^E?L3 1 5*/* 
Lr^(*-!; 3 :^^-(c»«it-i2-o(Dyu- hP^K 
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ft>^3i7 (ia8#jR0 znm-jrzmmi&zf > 

(••t7 3 16^hS. *7c. ^ffi^U-h20 
[0082] #X#fi2?L3 1 5 ©i^ X&tfEStt, ^ 

*$3- cc^E-r^«t^tc?L3 i 5*«sj— tcus^n*., - 

ii^(C«fco-C(3:a3 1 5 tt^fcj-KBigKCXffiS;* 
4l£. ?L3 1 5©S&{*. 0.1mm~2.5mm (#j5 mil~ 10 
lOOmil). Jf£0< te0.2mm~l.3mm (#J 1 0 mil— 
5 0mil)©ffiBT&S o #X#I3?13 1 5 

«. ^#?*^±©^©^-tt*ffiiI*SJ:5K19: 

ttsns. a. (Rtf±ie©-^-*-ju nag) 
*-ji>f# (T) mK.mm*<DteJ8.*m)i>tc#>K. *s 

ssiffijr©f&6a>t>*^©*«*i*iL-r&<t: 5 tctatt 

<*4i£. Jlf*ift&*;teWc4B<,>-c«. ?L©E?iJtt««p| 
4>R©S©?13 1 5©1TC*5. K«Sra©ffifH (83 
*f8S©F.aBI) te. < . &SF*i©?L*t?L©raRlte 20 

t3ta&l/i>. #x#En«cjgOfcieg©5§£&t&9!« 

«|E3S834lfcWanq©^!|$f*lfl 4,872.947*f«tiaiS3 

[008 3] i37>9t®C7\y- h301tt, *f-SPX*> F 
t7 3 1 6i#*#K:/U-h2 OfSK:^)£;54i7c?-* 
>;<3 1 7^#X&#ffc?Sffi&©:tfX#t5tfL3 2 5* 
^i?«tJRJ&©R«3 2 1 -C&S. -<-;*:/U- h 2 6 
5». ^U-FSO 1 :7U-h26 5*»<=> 

RISLjiP-X** >K^7 3 1 8 t^U- h 3 0 \ mcj& 30 
fiJShfc?-r>^3 2 0 (08#M) ^-X:/U-h 
2 6 5*aja-r-S^X5r^«$ti'^2rtgB^ h> F* 
73 1 fffc^tfCiJ&iJMEtA*. g/c. tfXflffc^U- 

F30 1B. ^f>F*7 3 1 8 JzKHtVZr + ytS 

•5. #tfc?L3 2 5 ©figte. ilSTiftO. 0 2 mnr-0. 0 4 mm 

#t*:/u- h 3 o i &*mm<oiiimmmi l c-£ 
s ti a c t \mmgx.W3&k s n s c i te^ss© c t -c* 

^*J^-^7'U-h265Ai6^^i2^U-h20© 40 
* + >;<3 1 7-it«jiaasn-5. 

[0 0 84] a8SO'09«:^Sti-5J:^{C. 
U-h2 6 5te. :/a-feX#;*.*;tfX#ffc:7 r U--h3 0 

ltCj£»)rt>o£F*3gB'; jr FT-fe>^'; 2 3 04^^ + 

SBU „ F7H2>7'>; 2 3 Ote. ^ + * FfcJgifc** 

RF^Xv^a-fe^rWffl^ttWiiy f FT* 50 
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>:/'J«. Wang©*@#l*FS& 4,872 ,947*t(CfeiS34lT 

[008 5] mi 5(cssn4<fc^«: l ^-x7 - i/-> 

2 6 5H, itS*'X*g^-r-2.ia^>7'?-i'*;l'4 0 

&i®j£-rsT©«ffl3 2 i *Wirs (TTSMfflKa^ 
4iS) . 08RCX09«:^3nSJ: ; 5(c. -c-X^U- 
h2 6 5«. il^tfxtf-./ *X2 7 Srfp^il^D-te 
X#X£A4l£igAe4 3 iiiD-Cl>S*^L3 27* 
BjfiSfS. ?L3 2 7te. 713 1 5£-C7l>-b3 

0 1 MffiK:^*^iSj3#^^X^t5t^U- h 3 0 1 © 
#-e3 1 1 iilDTl**. -t-X^U- h 2 6 5IJ, Jg 
tC. &iP8<M*:/U- h2 1 5<Dmt*M-?X-7l>- h 

2 6 5©-5-©8B#*®S£-C?£*p-f Ste33J5£ 2 1 5tCjgi£ 
<*4i/cAd3 3 1 <bttP3 3 3 i^-tm&^m^Q 3 

Srsmtr*. w*u<«. ^±p^ii3g«. mvttmzc 

3 0 3. 3 0 5«Clt«JW3fiC>'<-X-^U-F26 5©— 
0 1,20 ©iMIR^-^ ^ U- h 2 6 5 ©T©3l 
9 3 {CoCi-COftftW^caitWi^lffl^ljiWJ*. 1998^4 

m i6H tc wbi s n/c«igg5ia s tx-k.mmmm'pvmmm 

^08/631,902-^ (f^SAH®#^1034^) SJ^Wanq 
©ft|S)aSt3*l/c*ffl!|#it^ 4,872, 947^{C^6tl. C 

n ©wffl»©iB4S«*Bi^«B««:$ * *x s © <!: -r 

[0 0 8 6] @9{CHL-"C, ^-X7'U-h2 6 5«. 
^P^JjiSS9 3©±(C<-X^U- h 2 6 5«caat>P>n 
/c*-? 3 4 3 (CBHSS *l/c4J*?L 3 2 7 i S«+ + v 1 

<«. mtK^r* v 73 4 5». JI889 3©±KU-5*"3 
iSH-TSJ: K2 6 5©±ffitciSJg;* 

ii889 3^e»©^*P?PJ©iiW*^mW{cK±T.2.o 
C©Eg-C, iiKS9 3 a^^KKC^ft^U- h 2 
0. 3 0 1 KltB*ffcKc;a< K^*K3ft£. mk:. ^-x 
7"U- h 2 6 5©±Htc^l/-^*JgfiWSC<?:«:J:0 
iiSS9 3*So< 641. $SBS7*U- h©n* FR^»Ht3 

[0 08 7] CCKil llkZfmi 2(cKl,r. rtSPU 
9 FTH2>^'; 2 3 0* ©f^fcJHifeWfe^-5. S5© 
SUS^ilSIiilK:. U 9 FT-fe>^'J2 30' 
U-H2 6 5. 7 , OH2^*'XSa : ^y->^*^+> 
1 5tc^ti{-r-5**x^tJ(7-U- h 3 0 1 ViXfMx&IBL 
ZfU-Y 2 0^*4l4. ^-X^U-h26 5 

«. <-X7"U-h2 6 5X0^; v FT4z>rry 2 3 

0' ©^©^^ip-rSTcestxc*©^^*^^^ 
A4l-5ig«^*PiPJ^ + *JU5 0 0^*414. C©*fe 
W«C4tf(,»-C«. •^-X7 r U-F2 65«. ^X^UtRC/ 
^/X^ffi?L3 2 5. 3 5 l©t<f±(C<-^7*b-h2 
6 5©-gPt^*^-rS^^U(7'U-F3 0 1©± 
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0 2#MCt^£*i£., 

[0 0 8 8] rtBPy v VTiz>7>)2 3 0' tt, 

7"b-h265<!:#;*#tfc7'u-f-3 0 IfflO^ + y'* 

#>e>K£l 5£TM*tfTUS«|fc©>'W.''J;*jIS85 1 0 

#§2?L 325, 3 1 5 «fc 0 «E(*7 a - {CttT •SffilaAVjN 
3<,>. {tot, ^1>>^3 2 0^nSASC^<D*'^t* 
fgMft^l 5^W^'^jiS§5 2 OfciiiSf 

•s. *ftW%n*6Wiic*jc»-c«. ^w^xiisgs 1 0 10 

- h 2 6 5©SB«:Rig;**i&C <h#»S tA» m 1 
1) . C©l6J6W0D»ja^fflCC*5^r«, N F 3 ©«fc 5 
%?5t^X*s^ + >^'3 2 ORVtfZftfa&VtfZftm 
JL3 2 5. 3 1 5*&*ilii-r£. Mtc. jftfr*/*©- 
SBrtiKg^ + W"? 1 5^V^-^jU85 1 o^ajtut: 

ffifrtfxo** >*ti 5^<D^*&*^cc-rs. c©n 
^W(c*it,>r«. i«i^si o -f^;*»88 5 

1 o*mm-?zct*:tt± (x«d>fe< ifcFBit) -r* 
a> (Sjn-tS-T) tca^sn/c^;u^©j:5^ 20 

$l«ai^?:^tfC<i:*lW*L,t,»„ SMI*. «52W 

(Ctt, ^P-fe^^X*i^X^ffcR^X^ie?L3 2 5 > 
3 l 5ZM&LXV*»±u:i$>-icft9kTZct&mW. 
fiEoT, -fUizXtf J<xm&5 1 0* 

^^□^©jIS&TO&WtS**). ggio©^ 
ymf®*mm-?z. m^^-yxitya^xaxufi^^ 

;-5*jIS85 1 OfcrftUT^nSCifciglSSn-SCi 30 
[0 0 8 9] C. SPSUfc 

E6~08ccMLr, cvd^ii 0©^gp«:i5gsn 

+ * )V 4 0 * il i X -Ih * ilXRV'*— i?ti*iSt& 

K.m^®<DWi*®.-ttcihK.w&*5-^ i&mm<&6 o 

jM>4 0"o$*^W (*E|J3 5 l-CSShS) ©±^& 40 
SttKKlgfmSftS. «tK*D? YfcXVy A?s3SSt 
9- + *)l4 0 ti. * * >-»t©PJ«ttlllfi 1 7 ©±g|S ( * 
f >^*-5-/^-2 5 0©rtSB2 5 3*^t?, 07^0 
8#Rg) <t'<-*:/U--h26 5©jga5Pia© ; ¥>?7'tC 
ioTPSfiSSnSC L/l>. #>^ + *;U4 0 

^XB^ + *Jl/40©^H{CSCrF«:r6j*ior{# 
CTC«,>*^ffl»3 6 1 */M/-CSSf + v b*y/iJl 

t*m*i>i>> imzm$m&#>y <H*H*-r> «. 
mm-rz&mmmeo^nz. 50 
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[009 0] $/c, CVDJiai Ote. ^a-fe^^ + > 
;-«l 5i^>7"^ + >*JU4 0iitSaD'CC^at8© 

xxiizm?z>mm<ox^yyi<-v mme?) 
$n-2>„ c©s^sw(c*jt,>r{i, nzftbx 

y'ai2Zt?x<Di^rj;tSitii$ : &g,ic-rztcibic?-i>>si 
©*ife©!3P©E2«:|iiig;*ttS. APSCKmP©«*t 
Gtg^iRg-r &/<:«>«:. ^X?L«**©P3PCCtB3*-r-S 

AP^e. mp^iJtw«(c^tcisj*^-r f^cxs c t #-c# 

S„ C©?L©a*f«©|S]#«. fa-kXttXRVJ-i-i; 
#X©#>fr9iS}— ftfifcfflfc^U ^a^-^^-ci 5#> 
^§«J£gMvT-&. C©*^©*^:/:^-^©!* 
Ifflfct^tt. i996¥2^26BK:ttBBSnfc*|3iaM?n 
fcimB#^*©ttIH#^08/606,880^ (ttSAlSI# 

#m 97&^> (cme>tx. c©Hjiffl»©iatstt^siiasfffls 
«c^*n?>4>©i-r-5. 

[009 1 ] a6S^@7CCHLT. /W:/T-fe>:/!/ 
h^-Ol^gO 3 6 9S. si<>^t*i4 0 
^UT^X©SSaS^©IQ)f ^ISW^-^>6 OtCf&oT 
BBg<*ft/c#&'"OI/:/3 7 1 <t*P ? hA"W73 7 3 
#^*n&. Mi^t>Al 5F*3©l£*Jtt. * + 
>*3 8 1 . 3 8 3 (g6$i) -Ct-irSn. XU v 
l-)WW73 7 3t?^6 0©7n-»f®fR ; &^*C 
i tc«fci)SiJffii3n-5. 5?*b<B. T'aHz^iJ-S 0«, 
^ + >^*EE^J ; S:^-r^ ; &v^>-^3 8 1 , 383* 

1 bftomwB.Ji&mnf-fzvK.m-rzxv ? 

W?3 3 3©!&g£ciSlg£:£#>£. 7uiz -jV5 0 

ji^^c^Of r^o-fex^* »*HEJ3& 

mit^yummjsa^nmi «t «r -5.1996^ 6 ^28H«c 
mm 3 n/c*^3i s <* ntc^immm ^(ommm^mos/e 

06,880^ (.PmX&mgf^m 8918/DCVD-I I/MBE^ ) (CB 

6n. c©^*as©ia««*BSBjiifflS(c$*n-2>fc©<!: 
[0 0 9 2 ] ^S8^*;u^3 7 1 «, ^dhz^^ + ^^i 

5iM^>y^^mox^>y<o^>y{micj:i 

?-*>^<H^©(5T*S^«c-r^fcJi)K«U6ti€>o ^ 
a-^ h;W<^3 7 3 i^tC«-jSl^iU^3 7 lttCVD 

^15^ii6*i*. v^7n-3>ha-7», 

;-?l 5-^©^xX«?SftK-^> K0S2%*iftS 

ZcJOiCfflC^n-S. MFC©*IS*. fM*)\>737 1 

^ hJU^i/^3 7 3^<Dtfxi&m.&Mmxizm. 
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[009 3] D. t-Z/VV hT-te>7V 

ai 6-^2 3tcHur, t-^/«j7 hr-fe>:/'; 3 

0«, 5 rt<D^ffiftg^_btf Jfc 

^2 ftfcjittfcjfc SACVD^t >^etff-<D«* <D&S 

Xv^Mt^«»C V D 1 £JIC 
VD (MCVD) **>^\ X«ffe(Dtfffl(DX«tiffl-C 

hT-fe>^y3o«, mn, ±T30$t<'+y F39k 

3 9 3t£m£0tcMm&V ^^ft^XZ^XlZt- 

SbT-fe>^U4 0 0<DTtC3t^^ + ^ h3 9 l % 39 3 
SrBfry:? h^3 9 5, ^t7h200, 2 0 1S^ 

5rtcr>»;t7 h^2 02#^£;h& o T-CffcfflK 20 

^e>ns<fc^K:, t-^25 (st>*^<D±fc^;*n 
ttr&c&*sr«> «AT-fe>^y2 0 0rt<D^a^h 

2 4 3SCX^^Se^U- b 2 0<DT<D±CDMS{ig<!: 
5CCJBB©:7^>^4 0 5£±tf/dgK:j;-?TBSft/c 

3<om.mt, mnms.. «2oo-c-8oo 8 c 

0rmr-2 0 0iim (#J6 -f >*"^8 r*«5/Jv*-/ 
X<D^^^<Dti^«)7 5ni!r-l 3 0 rim <#)3 -f 
5^>^) T*£ e ^300rrin(^12>f>^) SOcfc 

2 5 5©a«tt*K£#fc*3W© 

[009 5]^t-^25«, it*$Wii&C>M®fiK, 

IP^, 6 0 0'C-8 0 0°c*rx«^ti«±u:Wx^c 
ib¥& h owmic If t* 0 fro ^ y - > # x *<Di®i§t 

IW«Cblr>T«. t-^2 5CD^ft<Dj^ffi«^fcT^^ 
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[009 6]@13-14(cKllt, ig«lT-fe>^y 4 

9&ftLxt~ztfC&m$fttcx7*v'**:-Z4 07 

te, t-*25, J/t7F39 1, 39 3My7hf 

3 9 5^^»/^«{^<t^sfiLg^$(iaJ3n/cit 

66teT£/ctf>fcW:7 b3 9 1 <D^£&®**>^CDj!g 
m&fcmQttVbtltctTCD^U-XA lis 4 13*5 

^^n^o itc, ^p-x4i k 4i3tt 

[0 09 7] 08, HI 6Rtfia2 0k:|iaUT, 
f 3 95 tt % 7h391 <DT^gP5>?rH^, ±*< 

P-X411^>t7f39K t-^2 5Mjffl^ 

&<D£t§srr*o ';7ht3 9 5», as, r**-'? 

Ai/t7h4 18, h4 1 8<D±ffiCCtgr>-Cl^ 

Stt* h7-f^^U-h420 &tf :/U- h 4 2 0 £r> 
t7h41 8CCHX9tfW&W#:7^>^4 2 2 4^tfo 
77>t/4 2 2S^h7^^7 P l/-F4 2 0«, mt 

;U^^(D^<OA 1 2 0 3)<D<t^^3JSCCW^^Ci^r 
t^t4^<^n^C<bW^b^ 77>^4 2 
2M^h7>f^7 , L/-h420^ ^t7h418© 

t-^t/t7h39 i--cD-eox«at^*s^T^/c 

*«CTA>'5.r^AW:7>4 1 8*fc-*fr6il&*rr 
fcPfiihT^/c^CC^^>^4 2 2 <hX h^^^^U- h 

4 2 op^tc^J«^n/c^^u>^cD<i:5^x^';>^ 
to 0 9 8 ] @8sc/a2 occ^sn-Scfc^cc, ii^2 

^K4 3 2rt(Crt6^rro0«^6n^o 7^>^/43 

o«. t-*2 5(OTtcTr6j^«:f*^^cD"Cx h^^^ 

^*U- r-420«7-< 4 3 0 *3&>^*>^0^» 



(21) 

39 

AODJ^fc-fe^S »*tmr"0< P>hSCiW3! L 

•?) £WTS. 4I©'j7F7^>^FXjt7F4 
3 2tt, t-^2 5©^»)«:^)— iCft&2tltj:*.>Ct& 

ft< i*> 1 o©|Mffi£*tr-2>*§?f££^J&U HgJftKtt 

»r»¥6tt/<- (SijvttT) -cs>o, *<Dm*)-c<)y h 

y >#4 3 0#9*/>*f#%±tf&W*i&6fcC\, 
7h7^>^4 3 0CDJS3g«A<%->-Cl^o 10 

#4 3 0©itgtttB#ftK/St>ft3n¥ir~5imi (ft 1 0 0 
nril~2 0 Omil), Sf $ L < lift 4 mm (ft 15 0 mil)"C 

*0. g$«tB*tt«J«C5Sl>ft2 5nm~7 6mm (ft 1~3 

>f>?) . »*L<«5 lnm(2-f>^) 
[0 0 9 9]ffiffl<£> b-*2 5jWxy ? F24 3tJS 

*t©tta (X«f^g«:*y ? h2 43<D-r<-T) cc&s 

r3fcf$£*l. * Yv-iZyv-' Y 4 2 0Tb-£2 5© 20 

±tc^±tfe>n-5. * >#4 3 ottb-*2 

5. fc-£25«:tfX#E!:7*-;*:/U- h 20 <!:Jg*f 
©*&aftg*-C±# <5&W-5>©t?. U 7 h 7 -f >#4 3 
Ottb-£2 5rt©#-f FZZv K4 3 2{CCt*. 
^>ttSt#J7^>^4 0 5ft<DV *'^mmM4 0 3±"C 

[0 1 0 0 ] m 1 6tCKUr. Jgfnb-£:3-OUT-b> 

^•;4 4 0«J!ia4 J K:^?:^i^«:^-rt-^2 5rt«: 30 

iRgSft*. JhT©3m->t7h39i; 393B, t 
-f 254S^U "f^374 4 5F*9©k-:Sr:3-Ol>T 

•fe > ^ >; 4 4 0 ^M^mms^aj^-^Jtx^-r s (& 

j$) . ±©3a*i/-»-7 h'3 9 1 «. ttagftKc^ffiBSK 
* b < «. >>+7h39i tstttfcli&tiMtr a 

3 9 Hi. ->t7F391 ©"t>^=JT4 4 5*i^fflSS 40 
KtfEfo (»* U < «^»BE. BP^. 7 6 0 torrX« 1 
r*.6J:^{Ct-$25£^^7h3 9 1PJ|*m 
8? K -T -S /c«t>«: b - * 2 5 3 ft 3 C t *>W * 

flfeOgg&StWCfc^Tte. ^374 4 5tt«0.8 
«JE~l. 2 mE©E^3Rc;ft 1 0 *C~ 2 0 0 -C©Sgr 
ft>Al5 «iJ>% <ittt400 *C©SKK 
tfft2 0 mtorr~ft6 0 0 torr©BE^Jf*S. C©Eg 
m^tffte©m»SS8gPfl'£*i>>m 5rt©^P 
-fe^tf-XRO^ y->^A>6©)B^;*^ffa-r4©«: 

Etc, H3 9 l©tf£ny4 4 5=&JiH 50 
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iaST^-T-Si. RF?iiS3!P^*Snr4 4 5%/M/ 

[oioiiHi 6srai 7(CHbr. ±©^^> + 

7h39 1B, ttAT-fe>:/»J 2 0 0©T©ffitCggP4 
5 S^iioTfifJtf, >>t7 h3 9 1 i^t^'l 5P5© 
^'>-;V*^^,-N:-^4 5 5«:iim-.5, 0 ±©£}# 
\s*y KJT©3m^t7 h 3 9 3&c3#>6tv tflA 

^©.fc^JSS^.c^n-fe^^ttW^^tf. T©3£ 
S->t7h39 3B Tk^iPT^S-^A^i.^ ht?* 
£C bfrOft*^ T©£!3r> + 7 h 3 

9 3 imitT* 3 - ^ AXtt^fcT^ 5 - A©i *) & 
•fe^5 » ^«!4*^tJCi*i-C*i. l«±©^-yi/ 
^gWt4 5 7. mtf. OU>^t7h39K 3 
9 3rafCEg3*a-C=»T4 4 5<!:^ + >^-l 5H©^>( 
^-^«rllftr&. H 1 GK.fjkitli-t'iiCs T©3t^ 
^ + 7 h 3 9 3 1*. ^SHag<bj!!iS{4gra©'>+ 7 F 3 
9 1. 3 9 3<tb-d»2 5*^«j-r*reSbT^>^y4 

0 o±©aaoj8h^(*4 6 1 (cffioftwens. ^+ 
7F393B. ^mmsiftom*) zmM-rznsmim 

M^^^)V4 6 3 4iSfi£L-t:-e-©«i^SP^-«r->i'7 YO 

fh2 1 5©*&i|£g|S#2 17.21 9{ca^bfcAn<i: 
UP4 6 6*i*-2 > . teSPSiJ? 1 **^ 6 3tt. T©^* 
>^*^©tS>Pte 5 )K:<g®*i^FbT->- 'J > ^SB«4 5 

7'U3 0Bt-$2 5^t5ii't7F (S^jHi 
-f) «AT-fe>^';2 0 0©T©P§P4 5 3* 

#m*4 5 7«fflc»6n%t». 

[0 10 2] t-^3-Y;UTH2>^';4 4 0«. ft2 0 
'C/#©iIg-C?- + >^'rt-C©Se^^ < £ fcft 2 0 0 
~8 0 0-C£%SJ:^«:iEg3ni„ 018M@19 
(CMUT, t-^3^Jb7t>7 , ;440Bt7*9i' 

t-*2 5 5ca8?>ji**aytfc-f a-f^4 7 i^*n 

6. b-^-i-^2 5{CSJs?)jiSn/ct-$n^Jl/4 7 

1 ©ig38*g^«. t - 2 2 5 ©*^tiS©m^WgtoSP 
^•■C^b> fc-*2 5©>tM«:s-,-c-?-©^H«:iS]^ 

y;. i&2 3i»fi«ji&i4gfl#4 7 4^fc-*2 s©**^ 

*>- > Ta6tCSy^(CSli<#3^^4 7 1 *^4C<h 

nJ6l{C-r*. »*U<«. fc-*=i-OU4 7 ltt. t- 
3»2 5©^i>>^g^^tSM^K:^< i4>ft4 0 0*C+ 
/- 2 'CZiay>^< <b t> 6 0 0 -C+/- 8 *C©ttJ— ftS 

-Y;U4 7 1«. t-fi/+7F39 1 *P.SSl«)iB?reT 
3 -If 4/c©{Cb-* 2 5©tf*^iarS*ffiK«*^# 
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[0 1 0 3 ] 02 1 (C^n^i^K. fc-^a-OUT 

t>^'M4 0ii 1 is*v f 3 4 i Sr/t-uraasj&sst 

5K«^3n/cajiR Fiffitfc&«!¥®1t©4 7 3 *Stf 
Ci*l»*bl>. iWtt««6^®SS4 7 3«. ?7X7 
■7"o Hz* am> 6 ft -2>*&6Wc *sc>r U^V^&SlUVu 
^fitt^it&^y^T^ssattmffiT**., y-F* 

-^fi^J||Pa©5'5«W ; &jSW'S?£:*«:me4 7 3K* 

j^$n-5,#JiHf ASi5^4 7 7 -cms4 7 3 tcaMsn 
/cS-'y-Jr^ier^-S. #ASB#4 7 7 tt. *y^> 

Bm&&*m-rzttm-£tscti)W£L\.>. 0*3*1 

•S«fc5K:. *U7'7 I >»ASP»4 7 7«*'J^f I >^^ 

^4 8 i(c#*g«>e>ft. -*>5ttW3ft. y- 
Fm47 biczsm-iztiz. iiici&imfrmicm&m 

tixot-Hx-i juor? ■< J r\t.±x, g-fty;us-9At 20 

[O1O4]016. 02 2&CX02 3 4CB81/-C. t- 

*ifc5&r£4>& < t h 1 <l©&H*t4 9 1 #S*ft*„ 

&fl*f4 9 1tt. ^x^©JS*>6 6mn («0.2 5-f> 

{stft/ct-*2 SODTBi^ftfcS-tf-CJfASCX^ 
3ftfc-te>-*4 9 5 (016) ^WtiXD^-H 

4 9 3^*ns. -e-tv&afcjtL-c. t-f2 5u, 30 

&m*f4 9 l©fe>t4 9 5£S5M 7 3 Cdfe^T £ t 
-£ggS4 7 3K3 5ttWLfc&®tt#-Y F (02 2) 
*^*ft*. &^*t4 9 1 ttBE*§«fc5 0 3 (02 3 ) 

9 (0*tM*) K3HlMt-Sf£^*.£. -fe>-9-4 9 5«. 
*»EEK: 5 05KEiS3nSCi*i!!fil/ 

< . 7 3 £&m*f 4 9 1 tif\<Dm&$}*nit>-C 

? r ;i/£*tl#-rs fcfefc fc - * cDlc.§1#14*|ac ^ 5 

5£thfl!S#Sfc& (P I D) n> Fa-^-C&S. T©3l 
^t7h39 3©X£^-;U&t>1$ift$i£S&#W:. ^> 
+ 7 F 3 9 3 <07n-a-r) <DfflMCC?floro< 6ft. t 

-*<7-<-w85 i iscmis*raisS5 1 3^<ommt*: 

CO 1 05] ^IBSBtftefflte-caSJ®^ t-$25# 
X y 9 F 2 4 3 £K*t©{4S (XttHBSfCtt* y 9 F 2 
4 3©t«fT) K*ili^(CttOij<7 F^U-F (07H 
it-T) + >'<1 5(C^St|-r4. b-$f2 5 

i^*^e|gfijT-t!>^'J4 0 0-C4!iSfi[S(cHJ%±lf 50 
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6ft. U7F7^>*'4 3 0tJt-f2 5rt©^-^KX 
F4 3 2(Cfcfc*f©T?^:c^ttfc-*2 bcDmVt?? 
>S>4 0 5rt©^*^3m^S4 3 0±"Cit?S3ft£ 

(08. 016&tf017). TEOSRt>'03©«fc5 
fc^a-tz^tfxiJ. #*jIS88 3. 8 5£iI9. #XS 
v V X 2 7 3 ©tl£fS«9 3 r-^tCil^3 ft£ 

(i7M06#I) „ ^(C. ig^**^«^A'g4 3© 
F*3gfti882 9 5&tf^-*:/U- F 2 6 5©tff*i?L3 2 
7£/t-0-C:tfX#t5<7"U-F3 0 l<D±©?t>^3 2 
0^j£6ft. ifffflK^ffcU ll3 2 5%ftCX1jXft& 
7"U-h©±©yt>^3 17^i6ti5 (0850129 
#J80 . iffglXtt. #*tt#*?Ti&?l3 15S:^tr 
^(t-jx^ (0*tf-T) ±K:^-«C7>IB$ft*. 

[0106] t-^2 5±<D^x^©iaS«. ASSffJCC 
tt. b-£3^;uy-te>7' , ;4 4 0Ccj:o-tg(gitiaia 
Si 0B< GBSSft-^^a-teXtf^tt'? i^fflt 

—i&icisifoL&'omzwmtz. »l<«. 

ZtZVA +4 5 7^L-rStnn-f^4 7 3^il#. 

ffl*©3iifc0«fcfi£o-CiKj2 o o'c~8 o o*c©Sffitc^ 

4-yj<v *mw& k±mt-*im*-i*,-*> 1 6 
xmwztiz. -ecDtea*. rt«y» ft* 

Ri^^ * ^ftn^«*&iS*§tJa^ 6f»5:BS( 0 

ii-r. y » ft*>^»; 2 3 0 ©j£#££<&hm»s& <t 
0 (g < mm-r z tc#>KiSLV*oi&ft±.<DiJxm&JSt.uM 
m*mi z> /c*(c. #^j&&#tf*ipsij^ + 9 3 tc 
lA^nr^-^^u- f 2 e smzfiaizftmK.uft 

fJc^U-F2 0. 3 0 1*>6Mi*t4. 
C 0 1 0 7 ] Mffl&mtp> *>7-?t*JH0rt*iSE 

y^Xvgia!Bj*«iS9 1 -i'>>''?l 5*6ft*JH0S 
^f«a3 6 1^Ut5ISft< (08SO«015). 
HtC. /-c-i>*/^tt, 1f^-b7'5'2 5<b5-f^-2 5 0 
©rtg|J2 5 3KI©*> vV^cftKjXVmrf-^^l 5^ 

^^/X*$|gl OeOTOgB^CDiitB^S^CCL. 
□ 3 6 l */M^r^D-fex^©^4SaK:-r4. 
[0108] e. a^-y*- Fv-f #a®.zfzrx-?m 

0 2 4 (i. *ftW<DmfaWK. J: i ? x^SC^/Xtt^P 
-fe^ ^ + Z/J<*ffifrlr Z> y *- F v i; Pvg^5 X-v^ 
5 5CD@f^0t?*-2>. v^^Pig^Xv^S 5«. 

^ + i 5 * -'ns^/xj*^ + i 5 ©bSt> 
e>< tt^a-rs^ccwfflfe^is^-f^^i 5*>6SiftT 

7"7Xv4&S-r4. v-f^ojji7 , 7Xv^5 5B > T 
7 - y*-ff2 92 : y^XvAA^ (»^) : 
a^iS'g^ (^) : ^ 
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tfCi*ir#-5>-^>f-^>^S^7 0 1 *$tfga 
fbSfft ; Stfv^* hP>7 l i*^$ft£„ 
[0109] ha>7 i n*. (cw) x 
tt#j2.4 5 ^tf'vrt/y (GHz)JS?ffigSt©v * p$©;"OU 

XfcB;*>tC-^T#j5 009? h-2 5 0 0-7 ? ht^fg 
•rZCtifi-C* hP^t? £>■£>,, 7^ 
*hP>7 1 It*. -?if*\-U>7 1 1*>6U*-1-'C 

ftga^stisnasi io (@3{c07p) tey&sti 

Ct-C&Z. v^ha>7 1 1 #>6©v-f £>P&»:. 

j> 3 ^> h 7 1 9t?-^tc^3n*ia®Rcxft^« 

<gK?}7 15.71 7©«*©g3&^tfW>7 pjgag 

* njg«SS*^*>-^-7 ;/* h p >£E»H7j 
tt «fc S»«*»6«gM- S/cJf)(cfli< S®{b^*5^W 
^rtKj&fiE-r*. %©IRI91tt. ?W Hp>7 1 1*»6 
7^ y *— *ff 2 9 2 K*t"J- SMI©*ISIT 

[0 110] <i^<DHJt^«:4BC»'C». v^^pS?^"^ 
Xv$B, 02 4tC^3ni<J:^tC^7 0 IttttZ, 20 
1f-*»U-*7 0 5K«#i;*ttfcvy*.hP>7 1 1 
feffTS. 1J--**U-*7 0 5t*. 7^ hP>7 1 

1 *>^>T^U-Jr-i»§2 9 2{ClSj*>-5-Cmf^©- ; 5''( f 
n»£tt©;!Mft6r&«. H^7 0 7(*. 

7^H3>7 1 lKllaJ^-o-C^iCSWStl^**© 

iR-T-S. t>o-C. -*-*:*U-*7 0 5,t:ft?w7 0 7 
tt. -7^^D2g?r|?73©j6]#(Cii«). ?nha>7 1 

7 0 5B. 3iKD*»*Ba7 1 5<CflUft34rft:&1fflAia 
S7 0 3tC&tt3ti£iffifte7 1 5(CtftKT&. ffifflT 30 

*tfll©*tt*B&7 1 5(CiSt$tf^7 17m 
TSUSSftS. x*^^a-^X«fl6©leliBS3R«:fflt> 
SCi*«-C# -51511(1^7 0 It*. ^X77^*aM 
5 5 JCg&l?E#7 2 1 ©fi?5* 5 0 Q * TS^tift 

n*. ffiKDmtmmic&i-cmiz.ffliiii. ^mm&xix 

•F/f 9 i> t Ztctbicfcmztitc-? A 2 attottfB&fttt) 40 

cxsiW^iHiiss-ti-So ffl^©**fi.«»«:fc«,»rtt. sgifc 
IK«BfflHWt«T**, ffe©«S©^jffi«fcfflC> 

[Oil 1 ] 02 4CC||i3ti£J:5fc:. «jt^tt«% 

-^«2 9 2^QS3n, ^^xv^^fijEsns. 

'jy-$f292«7nhP>7 1 l*>6s9ifie*& 
tfffe©SjSfbS**rt-0-t-5'-f * -^trx*^ 
-*i#*6ft£J^14#X;&*A3A2>tft*&^>5 7* 50 
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WT£. T^"y*--jr»2 9 2tt. ffl«©Xffltttt(C{i£ 
5 ? S$l/< ktTJV 5 ^"Xtt 

7^ Xv©iEfS*«:<i: Si 9 > ^«:ififte©£>£ffe©t* 

*4-c-?< e»n/cR^ (x«ffe©»iE) n*© 

HJ»S««:*JC>-rB. T7yf-*^2 9 2t2£3#ft 
90cm~6 1cm ( 1 8-f>f-2 4-f >f) RtfNffl© 
aS*ii^8air-l Oan (**J3 >?-~4 A Is*) T2& 
S. T:/'.;*--*«2 9 2i*3tiftffB#7 2 lK^T 

legs*. p«*ej»sfcfcK-ttwwttL"c 

affix. traffic ft tsXm&mv&ZT 7 Vtr-f 
<%2 9 2©rtgB©5l£tt^«:^aPSK»7 2 1 ©BlSSt 

*cfte©»»fcr^"v^-5»'g2 9 2©F*3S|HC|fiV6*l£ 
Ci«^©C<!;-C*-5. ffi©*HES«{C*JC>r«. T 
zf'J >r-~Z<g2 9 2 B«^X«127 5 9 
&R7W&tt*itfe*U «&m&7}7 2 1©W *P 
&#T? , y*-* < t2 9 2©9l-«B£?>0-C©2 9 2©»g 
Srt flUC A 0 J5Jfctt#X K x* 
[0 112] ffl^©HS6^«{c*$^-c«, »^tc«tor 

ttSHSEfiK?>7 2 l©^IMK:BJ»J#We,nS^^X-7' 
(UV) 7>"7 P 7 3 1R&UVWH7 2 1*^ 
tf^^XVfifcAcmtCt-o-C.^ASnS. UVmiS7 3 3 
^JSS©«^©K*»©fiLB«:Bl»)#W6tlSC <k«^ 
MOCiT*5. UVf^S7 3 3JCj:o-Ctt*&$n/cU 
V7>^7 3 1 tt7^y»-*f2 9 2P3©^' ; 5'Xv«r 
tJDi&tc-f^^'fb-rs. i^{c. v^^osx**^-* 
MWt^xvo-f ar><b*iwu"cy- 8 o 

«H/C* + :"tl 5(CMSAP2 9 0{CASjSi§fa© 
«Eti*^05. 12 9 2F*3©SJ£tt^X©^ASO c -Y* 
>{b^e>©T^' , ;^-^ , g2 9 2rt(DM©^fcOfc* 
(C. SE^SR 7 0 1 <DttffiA>tt«(C«i < v -r ^ a jgi 

^7 on*, ^a-kvv-5 o©xi*e»Piaffl3> hp 
7"*i#*n-5. ±fa©«t^«:. ffe©isffl©i^isis^fcs 

[0 113] ±^©<t^«C. *«29 2tt. 

0 7 (ots s n-s j: 5 (c r y ^ « 2 9 2 at hz 

>Xy 2 0 0©AP2 9 0«C7-^Xvig)gtS?rtH73-r4 

i5Wt>^i 5©*<*©^tcKome>n«i^sn 

h77Wmfu> (ptfe) -cr#fc^-<^--2 
9 1 *(ti-5.tJAr-l2>Xy 2 0 OF«3©ji88^A735n 
•6. Teflon(e«kffl«) P TF E©<fc 5&7tJ!5©PTF 
Et*. AP2 9 0 (C*JWSJSlt>14{b^A*3{P6©i 9 * 

y#xixmmicm&&$>z>. 7^t-29i». 

P-feX*iiK-r©7?SlSff^*|»±-r4. PTFE 
©«*>tC, 7#-291tt, PFA (il< y -3^ h -9 7 Jl- 
+ p x 7^ u >Wffi<Dm.3i - ? 9 ^#t» t ^ p r 
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v-t*S) ©J: 5 ft 
7»*ft*»;v-. 7vMi?-l/>-'?'ofU>(T 
FE) ^^tf^-^m^-C^sn-S. ilSStt. IS? 

9 2 OMMifi^ 5 ffe© * -f -7<Dmffi-C$> Z . mXT V ') 

^-^2oo©c©arr^o/cass*>e>. ^x-^is 

K2 7 0rt©^ < g4 7^fi£Uji*n-5. *y->#X-7 
^*-.ibK2 7 OtPTFETo< 6*1-5,, PTFE*! 
V ^gtCj^Xv^i^cWtt****©-?. PTFE 10 

l». i"J->*'Xv^-;l/H2 7 0 i5-<t-2 9 1 

fcfc©) •CMi»3n€.Ci«^©Ci-C*5. 
[0 l 1 4] *£XJktttiHc*sl>-Ctt. ±j£L/c<fc5«: 
y- M<*:72 8 0Biii^afeXi!P?.i"J->7a-b 

RB. ji^KDf>n/c**r*i. KD/cBBS-C«. y- 20 
Yrt)\>72 8 0tt«^^D-feXtCffll»P>^^W4 7rt 
©&^*J*tS*!H14JtO *^£r5i£rr 5C <t*pe>l*± 

i/. «s*«:»e4 7R^®K© r*sj ®mzm>2 

ift2 0 0torr~7 6 0 torr©ffi;frtC*$W&itQ# 
P&SSl-fcy- h^^2 8 O-Clic^lg^KtJ. JtiStt 
T^'J-!r-f < g2 9 2rt-cgitjac^n. gt^P-feX 
©S&££*1<. y-h^2 8 0{t it4 7*6 
<Dfc&mt¥t,c<}:ZmmXU*tit l cJ:Zmm'V\>72 8 

■<1'-RZ?-?~*-)l K2 7 OtCol>T^/cfc©<tPI 30 

{c*ji>t:«» y-hM;u^2 8 0ttfi^u- Ky- h 
y- h^vi/^2 8 o zm^zmtimmi.z 

tizm&xtt.? + >^gfe^w *>nsii^©*y- h '< 

8 OtfgafficSti. S7(cm6n-5J: ; >«:^X-7 
jggfg##Xi&&# 7^273 ©ifcttilSS 2 9 3 ^86 

y- h^*;U^2 8 0«£< fl!i»6ti&l>. *©£#«:« 
y^ Xv&Stg#StKiIJ!g 2 9 54I- 3 r?t>^l5 40 
(Ctfxflfiyu- F 2 0 4^L/-CiJ£l/ii*n5. -e©<fc 
5{CL/-C^BB^U-h2 0RC/?- + >^l 5 ©&§&## 

Jft"C* + >'<l 5*>JE>8f««**lS. ^ + >;<1 5©8fci£ 

s. 

[0 l l 5) F. **£fctti* 
02 5-02 8B, #288©ffe©Sg«K:J:.&v-f *ojg 

y^ 5 5 <Dffi$m&&mm soorftj. ±& u 

/cj^tc. SSI Ott. &®mA*m>2HZ>tctblc'i£ 50 
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*©-e©«7'-7 x-yytnzx<Dtt*>D cc y h -7 a v 

T^u 5 - ^ a <t Slo-T 5 1 &ic}mK> x 4>tcr >i> s .=- 
■^^©ilAfc^fcK C ©ny^X-^yn 
tXfcJBt^WiftRSffJK:. y*- h W ^P&y^X 
7S5 5 *fflt^S-?>A>^^ffi«{t^Slc;©*fflC» 

[0 116] h^X-7^5 5*ffll,^j5fc^^P 

^Xvtt^ + ^^'ilSn/c^S-r** (BP?3, T^yy 
-ft2 9 2rt. 12 4#1) J^JC^ + WU 5*6 

< V>m*ifi83h1fi> * ^tmvc-fy^ifiU^rL Ut 

mt<»te£&toJkzm^xffi*&?G7Ltcmw, w*>. 

(c^rci*B8K:-r-5. fi£*©^.^tti^«, «SW 
(C«. ^ + >^F«i©^ , 5Xv<Dfieffl«:*-CM:l/. •€•©*§ 

^xv^eottm^^i v >? ur?»^P-fex©ii^t> 

[0 117] L#>l/&#eK 3f:^©***^Hl»«, v 
ajg^X-7^5 5 cctor^^n-SJ:^ «:-€•©« 

it. AttWJtC^DHzXtCfcl^-C. ^+>ArtO!)S i02 

*>e>?lirJ$*>n-5. g^-f >^'f»9©s i 02 ©IQBWk:^ 
t^lSSh/cH^, 7 ?3RK^«S i F4 *^-T 

sfcjt>{cs i 02 trnfa-rzcttfivstm. «t>») 

mtf. 5 1 + >-'-!©T-»l'5-^AMiJSlt»L-r7 v 

^.X«St*©S i 02 SS^* J 7^^xiJSft:L>fc 
5(CA*C<!:*l?Ei±-rafcAk:y-F^l/^2 8 0*iH 

D^n-s,, fgiBSftsj^tc. *^©*?*^m^8 0 

0«. S i F4 ©.t^^pmsnfci' y->^XJgj£RS 
^■CC J: e3t©»3tS*c*-5(<»-C^ D 4*©%3 ©^t* 
^WTS C i fC J: •) ?5t^y a -fe ^©».^*^«)-5 . 
[0 118] EI2 5{C7n$n4<fc^«: > ftfrKj&MUft 
8 0 0B. ^■SH-'^U^ , 3 7 1 £Xn? h;W>'JU^3 7 3 

ra©&m«e6 0K?0oTieg<*ftfc#*iaag8 o 2 
^/^«itbS8 0 2i>mm 1 o©sfmmrt© 

flfe©{igtcEgsnrJ:t,>c<bB^©«:i-c*.5. m 

^.tf. «iaS8 0 2». 02 6tC*StlSJ:^{CXP ? 

7 3©TSfc«:BeS3ti5. ffe©HSg^T 

it. tfcffi88 0 2tt> 02 7«:^3n-5J: , 5«:^6 0 
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*>fc©8#B;tf*8fc4 A*i4^-f 4 > 8 0 4 

-f > 8 o 4 (c?S -3 1c ii 7. v a - %%±ic±{b ZfflW w 
:/8 0 6#^$ftS. 

[0119] 028CCB8L-C. #X&tiJg8 0 2 ©iHS 
2«. ^-t> >Mfre>©#XRtfffe©8S&*«i&3-eS 

o iiiot:c^aL^8 o e^iii^-rs^'?^^ io 

^804#£*ft-5. m©77>^8 0 8, 8 1 0 
te. ^y>^8 0 4 4i|i6 OlcmQttVZCtiSW 
tblK ^<Jr5?>>8 0 4 ©TOSt*. ^^0?rjiii3 
tf*«J:5«Cffigi*tt* l#©gfc*1-8l ( I R) ©&8 1 
2.8 1 3*lt*nS. #Jl 0 anfCte* 

*jftfi**t*"'3. I R©&8 12. 8 13B, S?Lt 

2. 8 1 3tcJ:or®jR$nsJ:^«:it^^S[K:|IMfl«j 
KjS&W&##*^trC±7W*UI,». IK, IRt8 
12. 8 1 3»t4«. ^D-bX®^14r^n-bX^S 20 

JS&^lfcL tuft 7 5.3RS*sj5t^^n-fe^{cAH 
C»6tlSIUfi^rB. &8 1 2&tf 8 1 3«. 7 v&K. 

i r&8 12.81 3 tci?j§!?ctm«:. y 

CO 1 20] B2 8tc«KBrc>i%34-i&<fc9(c:. tfcttm 
8 0 2tt. mBttWLi&J&Ofr-O^VXJ&Z&S 1 2. 
8 1 3*ffioTjtS^£©^3foK**jIU*;8 0 6*3® 
-r-2>^^^>i/8 0 4{C®^){C3iife3nfcS^i1-^> 
^8 U^ni). I RtfcfflSI8 1 6tt. &8 1 3% 30 

mm? z&frftmz&m o&m-r aftgr^ y > ^ 
8 0 4Kii^3ns. jff*L<«. j&StfMg^v^s i 

[0121] *^*5ffiffltti-c*SJS^. ? 
J5tc>tR# (Wx.tf, S i F4 ) »^«6 0Ri>'tfctHil8 
0 2 ©310^8 0 6lC?Qo-Cji«>6*iS. &ft$MA7:> 
:/8 1 4tt. £8 1 2. 31U7v:8 0 6S^8 1 3*® 

->xm.mnmzimL. &m&s 1 6-cswirs. am 

tii#V->1iZ.S i F4 £Sijit"S©-e. Ctt6©Sl£ 40 

(B|H>. tti£f5tfM§©-S&£«iiRU ts 

tilS8 1 6KJ:^T§WR6n*:fc©&;*£IET;*i* 

OSrji&TSS i F4 ©iSS*i*>fe«5ffiTl//<:*^4TO 
■fe-^-!f5 0tCjM<5, y-h^^2 8 0 4IBIfiL/*^i 
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fe©=ii#tt&ffi#7"nHzxK:*$<,>T. **.£&tH3&8 8 0 

B. |5jl 0 win ©jgSr^?r!RiR-r2)i' y->#XJK 
fa&ftS i F4 SCJf**J5 urn ~6 urn ©iSEfi-CTfoBl*® 

1 4Ra c «im-r^as8 1 6£te;rr£. as© 

^JfiWCC*J(,>T«. «*&j®8 1 4R04£ffl§8 1 6 lift 
(,><E>ftS{I*©2y- > #xSIcJ?£5>©ffc#K!f#t4K:aE 
[01221-Wilt. I 0 ttS i F4 ^$€6 0% 

amT&<&w&8 i 6*s^ > 7* 8 1 4*>^^sp©^3 

*SWBS(-5«^©^i1^©^S-C*2.. S i F4 tf$ 

&<PMb-r:8 o 6£«Ens«:-3nT. a^faaiSMx;* 

*irt>-3tfcffl&8 1 6-CSWK6nS^^ ( I ) #«4>^- 

[0123] I/I 0 = e xp (-X* L* C) 
5£t£. XtiIRS8 12, 8 1 SXtt?^* dg^-t* 
T) ©©TctfgSrC**). L«^!8 12. 8 13 (02 8 
#M) ©S$-C*0. CtttfcHi&8 0 2=fe®ia-r-5S i 
F4©iSKT«>2.o I /I 0 #l©ffi{CjiT£& S i F 
4 ©igKtSffiTU jJt^^iauCi^SttT*. i5fe 

-cnvha-^tti/io *»*rr*^-*-r*. 

[0124] ±IH©ISiW« vjU^ =f- + >^jaam©C V 

iB}Sftt]ii^^-«'>''^Kou-c*^© 
&-2>a©!i#®4*6s-r-5ci{iortgr*>s. ee-^r. ± 

s ntcwmtt * /■» * + >'*K.m.jZ3 n& c> c «b 

[0 12 5] II. CVD *)T*>Z3h*m^ : £>feM&®. 
A. A(*e«)/j:«IJ&<!:J&ffl 

i2 9«. *^©aa08S9 0 O©®^KS0t?* 
•5. 0^3tx5«t^fC. *a@?S9 0 0«NMOSRtf 
PMOS Y~>yV>7.^9 0 3SCX9 0 6#^£ft. 
n> (LOCOS) ©JggBK<tXttfli2©#i£«:J:oTJf£ 
fiS3nfc^k«jmif«^9 2 0«cJ:ortii:«:^W6n 

MO 6«. F7>^$9 0 3R^90 6*5MNMO 
SXBMPMOS-C*-Sig^Cca<,»h U>^t>^ (H^ 

-5. Sh^>i?Xf 9 0 322^9 06«. «*&®M«9 
12. FU->I«9 15S^y-«9 18 4t 
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tf. 

[0126] $&jgmm (pmd) jib. &jsji9 4o 

i«MSP^9 2 A-Cr>< htxtc b 9>i?X*m<D&m 
»ti-7>^*903t906 *&&m 9 4 0 
W^n*. &119 4 0lt »ffllslS89 0 OK^jfcftfc 
4o©;£JiJ§9 4 0. 942. 9 4 4 SCX9 4 6 © 1 o 
7*5. S^ii9 4 0, 942, 944&0 : 946B 
S^HKIiim® 927. 928RM29 -Cg?}g©:£Jg 
A*>6*K*6n*. BSJg©£IiJIB. fc-T9 2 6(c<fc£ 
jl^ggp-CS^StlS. ^HJ19 4 6±tCHS3tlS<!: 10 
^§14^bM*S¥SitSnS„ CVDgglOB, 
B. PMDI9 2 1 . 1MD19 27. 9 2 8&CJf9 2 

fCJBt->6*l£. CVDgglOB. LOCOSS 

<mmnmm9 2 0 ©f^bo ccra^n*^ h 
5. 

[0127] ±KC V DgH©teffl©flfe©09B. 029 

©^{*ft«j&^8iiiS9 o o tc^s n/cja»tt*&jssv f 

U->M«9 1 2&tf9 1 5 £*>©■?&£„ M 20 

OS (-7>yxiiOy-VKU->««?rMt5© 

{ciss f - ■7m&®ft*&i&r zttmommz-m t 

L-T03 0-13 4 

[0 12 8] 03OB. Sfr^ttJC^ftMOS h-7>S? 
XiS»©S^»i®ia-C*S. *CC— WiOt. MOSh? 
>5>*£ 1 0 0 OIJPMOS F7>yxfC*S. NM 
OS h^^^ffeMSn^CiB^OCit* 
5. PMOS 1 0 0 0CC-X>Ttt. fljVfc 

tl&F-TVmmi 0 0 8BPJBF->Ohjg<!:l,-C© 
BSGJg<t3-£C 03 0Kl?,^<t5 30 

tc. y- nwttti o 0 3©±tc*5y- F^gi o o 

2tttttt 1 0 0 4±ttf -CtCJ&S^ft-Cl,**., ^M-C 
B. 1**4 l 0 0 4BNflgS1KXKS«rttcjgjft3ftSN 

^ccji/t-rsci^-c^s,, S({b^mw^ioo6 

B. 5/ U n > ASSMb (LOCOS) ©<fc 5 ££&-C» 
ffiShi. ^F-7^S^#Bf£i*ft*&iSB. -v 

-VKU-^««1 0 1 0RU1 0 1 2-C4>5*5. g 
K-^KU-> (LDD) ««*JgfiR-r4J:^{ciffifiR3 

T-Ci¥)$3n-2.7'P-feXU->fiJt{C±IBCVD 40 

VTzz&zm^zt, F-^sisai oo 8«iBj»t 

2 5±(c48-5rt,»4"^x^©v-^/ f 

1 0 1 O&tfl 0 1 2±5CJgsS3ftS l> 

[0 12 9] V-VKU->I«1 0 1 OKtfl 0 1 
2±(CF~71tttJ|1 00 8&J&g£3ttStt«:. 
/FU->IiSl 0 1 O&tf 1 0 1 2©^ffi{C-5t»r. 
itey^r-hv^ajgy^Xvlfcs 5*>6©NF3 © 

<fc 5 ftKJfctttf^rjBiiS;;* n^^"^xv^t,>«jgiN f 3 
fl»X»$S1^ktt#K»;£tiS. «fe^#m-c. v- so 
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VFU->9W1 0 1 ORCM 0 1 2©«ffi±«C#a 
?SC&*rfrSKfbfe*tt»-*-&ft:&K:NF3 *>6© 

&V-.X/FU-:/*«l 0 1 ORtfl 0 1 2±tC^« 

sns f-thmji 1 0 0 8*>6©— aofcF^-f :/-f 

*3RSB. ^-f>^l 5rt©-?x^*>65l^tt»<t«J«r 

jfc^-r* c t s&sk b - f 2 5 Aclasis n*. 

F- :/gfSH 1 0 0 8 ©*S*i-5-©»*tt-CPI D * + > 

/•?i 5oxsBWR3n-r#o^x^3mi9itcqm3n 

&(,>©t??cc^ic<fcS*#&jR=&ISig-r.S. S* 
ti'C(r»4:lr»BHb>BlB-C-®W < CNF3 £$tf>Jg-r£C<»:K: 

?v9m\z. $)2 0 o~i 5 0 onmtt h 

^/^■(sccm). 5T£ L < tt»5 0 0 sccm©N F 3 &Cf » 
£«Cj:oTBifaO~l 0 0 0sccm©O2 *?t>^l 5 
(C^A'T'SCitCjcD^ + ^l 5(*rC^©*§-C£E£;* 
tlS„ PJ^FtC. ftW<l 5B»5 0 O-C-6 5 0"C. 
#*0<B6 0 0X;*rSn&3tt» ifo6 0torr-7 6 0 
torr. WSU<B40 0 torr©BE*r«J# 3 n. k-* 
2 5B$-J4nm~2 2nm (ift 1 5 0~9 0 0mi1). » * 0 
<Bifcl 5nm (if^6 0 OnriiyC^U- F 2 0*>6Pgg3 

ns„ S£r>r. v-VKu->fi«i o i oscxi o 
1 2©^ffi©*^tt^t«»^y+*ii5fe^3ns. 
[0130] ffifrxr v zzmnmoy- \-'<a> 
^2 8 ob. \ : --7mmmmm-7ti-t>i.icm^t>ti2>%. 
sm 4 7 ©^ffi«c a 0 * c <t 

siioo8B. Tie©<fc5«:cvD£!gi ortriftja 

(i^j5 0 0'C~6 0 0'C) «C*Jt>T^fi£3tl5„ *^tt 
1 0 0 8*vi5© F--rc> h BSCAtcSBtirjB 

»v-vfw->s«i 0 1 oacf i 0 1 2*^-r 

[0 13 1] F-7mH1 0 0 8OJ|fllft. 9x'M* 
ft>^l 5F*J«C*5. -Ate. iSilt-^2 5£*©± 
©9*«BW (fi8 0 0-C) tCj§3£©^PJI»B»-r-5. 
jURX7-?^». F-^MitNJMMl 0 0 4^F 
-'OFtiA. K-71111 00 8B. S31«:^ 

2tiz>£'i< l cWfititcmmm&&fti o2o©p0f- 

hffi»«*&iS<!: LrfflC»6n5„ y- 8 
0 *«■€■© H7-f^^fv D * -Cfc* 

CiBS«!S©Cit*5. ^©liJn^StiiRtoOiU 
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(JMKfc*^-:/? KD/cS>$C) #}9 5 0'O~l 10 0 

•cr#j i 3 ^ra. »* L < raw i o o °cr#j i 
[o i 3 2] atjtfiL Y-y'mmmi oo stsNj&tm io 

OTIS, ^*^T*r^*"C, ^<D<h£y- Y'W?2 
8 o«:HD6*vti>£#, y^-h^xv^ii oo 

^2 8 o^iafifc^n^o iiixf^^t^i 5p*i 

S/c, ^f^lt CVD8S1 otmc^jv 

fim® 1 0 0 <Dfe&&<J>^ftmfc7c±U PMOSh7> 

1 0 00m pmos h^>^x# 1 0 0 0 

MS 1 0 0 2ROTiP^ 
&£l?Wg<DV-*/ F P->«HfS 1020 #^*ft& 0 

*^±X'iyt>t\Z>o 30 
[0 13 3] (Xte^tfW)'}^) #CV 

Dgf 1 0 (Df t 1 5 l^*CMI? tl/cS, ^*>>^' 

wmztiz. #&c, y-h/^i/^2 8 0^gg^?>n, * 

[0134] fficDHiS^CCfcC^r 0 3 3 -0 3 4 CC 

^3ti**7"?^#03 occiBts^n^XT-^^tcif 40 
*>n£o f-^§i^@i 0 08^H3 occm^n^J:^ 

CCV-*/FU->««l 0 1 OKtf 1 0 1 2RW~ 

hmsi 0 0 2±cc?BfiS;3n/cfi, f-^»wioo 

8(D±te&&USG0<fc5&** ?t*>^Ji 10 3 0 

11 0 08(D«i^ y-h;^^2 8 0WBi 
D6ft/t££-C&6 B <XtC, ±12133 llCO(,>Tj$-<6 
n/t£5«:F--:/if1£Jf 1 00 8^64^«#*4l 0 0 
4^ffit5c3#^>/c^«:S«^ttl^$ti^ 0 £tc. 

±iB03 i tcoc^ri^^^n/ccfc^cc F-^> h£ 50 
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F-71111 0 0 8/p6ffitfc£l*&7~-Jl'SttfFX 

OttlShSo Jff*U<«. ftW<15 (F-?*§§l§JI 
1 0 0 8SWt';f>^il 0 3 0^SStl/c) ** 

03 4CtJI6ft£<i:M£, ***:/®1 030#±fc:& 
& Y-^m^M 1 0 0 8frh<D F-'O htf^ftttft 

1 0 0 4 teffilfc UtffllV-^/ F 1 0 

2 0^Mn o ^ tt^gl 0 3 0SC/F-^ 

nmJii oo 8^±iB©cfc ; 5tc{^nTx^^>^$nr 
^wcc^^pmos h^>^x# i o oozn&o #J 

0.2 5 Mm *<DJf5CCO(,>TW:; *T>SRJD5W-*l£tfc 

#Jl 00t>^X hP-A-2 0 0*>^X 

HD-A-200t>^ hD-A©BSGiil« 
PMOS h^>^X^<D»SHJSWI<D^0.0 5 m 
nrHftO. 1 Mm <Df£ffl©«^SP##f§e>ft£o 
[0135] NMOS h^>^X* 1 0 0 Ort^- 
Si 00 2R^N^e^^P^*^Offe(D^6S0« 
Cttfc-oT F - hjgi P S GIX« t f F 
>TKa^^ *Jg©± 5 tt F-^MSB 1 0 0 8 £ffll>T 
P^t0g##*4 1 0 0 4te7f5J&3*i£ V-X/ F U-> 

M«ioiosc;ioi2^^ e P0«f4ioo 

4 P ^SKX«S««CC?f^ 3n/cP^x;^«C 
im^„ #J0.2 5 Mm f^-f JXJ&lCOlvCte, #J 1 
0 0 *>^X F U-A— 2 00t>^XhO-A©P S 
Gmmt$)l 0 0*>^X KO-A-2 0 0^>^ F 
n-AQUSGffiCtJ:^ JffjiSISfe^^O.O 5 Mm - 

#jo. i Mm <D&m<Dm2<D¥m#ttm<DtpicMtttitcv 

[0136] *»98©«ffl<Dfl&<D«tt, fv^XfffiOSI 
^M/>^St«jS«:^f h ^T'iltgflF- 

^Mt^*S©Sffl^i3 5-04 1 tCOCvti* 

[0 137] 035«, 4^tt*«4l 1 0 0«c»iSSti 

$>Z> 0 03 5^me>n^><i:^CC, hU>^1102«JS 

ffi^^g^14x^^>^ffi*fflC^^«(*«*4l 1 0 
Otc^^n^o *«4c*5t*TI*. *^(*«I41 100 

« p ^s«x«s«rt ^c^^s snsp^x^itsct 

1 1 0 6*5^^^1 1 0 4 4ffll^FU>f 1 1 0 2± 
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f4 1 1 0 OCCO^Tli. F-7'§fmJil 1 0 6ttPJgF 

> F M t U X B S GJg b r z c t ifi-c tr £. 
[0 138] FU>^1 1 0 2±KK-^lSil 1 0 
6 £ffJl&-r Sift H/>?1 10 2©giKoi,>t 1 

testis n f 3 ©<t 5 ttEj&tt*/x*m»-c#i5S3 n 
s f ^x-v*©:? vss^ea&f & »; *- f v 

£. ?5t?#>*:r?y«t>. y-h^2 8 0Bif4 7i!P 
6*Stt©^SI5jI8&2 9 7 Sr/l-b-r&C/^E^U- F 2 0 

•So *©±(c?*^*^£fc-£2 5ttifc#©{4gCC 

wen-sc-c. 7^^s*ss«*a^-r*c<bJtc< f 

U>^1 1 0 2©*ffi«CSSETSCi*i-C#Sa*l/< 
&^Kfb&©9*^*ffi#r&C<!:ai-C#.&. *<Dm<t 
Vl&ffifrfZb. F 1 1 0 2±«C0(j£SnS F- 

1 1 0 6*>6©— Mhtc F7 4-7 ■< >© F— 20 
>h£*Jt6K-r*. iSt^^^R^F-^ilil 1 
0 6©*a«. ^©*§yn-tz*-C* + 5i*rctf*> 

j; 5 (cn f 3 **<ommftm? s c t k.& k> m>n&. 

N F 3 ^^XvXttiH* 1 ^©^ VU 
1 1 0 2©*S«:#l5E-r*C<b7!>i-C*SKfk^*j5fe 
#f -5. fte©tt§ffJ*i60!lK:*5l>Ttt. ±ie©v;i/^^ 

* »<£©»m©*- + ^a^©^*^ -j -7K.m^h 

ft£©-r, hi/>?i 10 2©aiffi«*^14®E{b'Bj^i> 

8 0 ttSJ 0 <E>ti5. *£tx«<b«J^ y htc-Tlc. F 
-ySISJB 1 1 0 6#>6© F-^> FWS«rtKSS«: 

n^ti, )ii 1 0 6&mm-rznsM msoo-c-i 
oo*c) tcfln&sn*. 

[0 139] F-^fim® 1 1 0 6<Dim'&> 40 
F -5 1 51*90**7*4. 

5«nsia (^8 0 0-c) {c^$n^. mm*, msuc 

•5. *fe, ^x/>«F-^>F*F-^SS*>6P» 
tt*4 1 1 0 o-3ls/c«t)«:r--^^x«.miiM« 

S. F-7RSJH1 10 6B. 03 BK^K^nSi^K 
^P»tlfcai»^ + *^^h--;^^l 10 8©PJf5F- 

^•>Ft£tfcjg<*:L-cfljV6n£. mmr+^frxYv? 50 
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m*&\ io8«p^wi4i lootc^nfcp+fM 

[ 0 1 4 0 ] H-^Wl'llOBB 1 )*?!- 
i f 3^ yaX«ffe©&*&&t«fc 9 PJ&tt** 1 1 0 0 #> 

e>^*$ns. jf*L/<«. ■> >^i 5rt© 

**T*S©fy- hM;W^2 8 OVtm&ZtiZt&UC 
1 0 6*6X7f>mcimS. ^7X-7^5 

5^©sic;ttx/xA^{*> f-^hjii 1 0 6 ©as 

Ktt2ftZttU^mDt.LX-ibZ>. 03 7«» F- 
1 1 0 6©E£^£©§|S#&*)K:5c£&g|(,> F U> 

^g|^Ji-c*S. 03 8tcM6tiSJ:^«:. hu>f 
1 10211, *«:. BWt&i 1 1 o-c^astiraio F 

SrliS L/clg a a D©U SGIttSTX-si' Fib© F u> 

3-*?mt*>m\to 1 1 lotim^n*. 
[0141] mm* + ^o't'^ f * 1108 
ss^jS-r^-wenifc^^^ 1 1 1 2^1 1 1 4ifim 

3 9{c^$n-5J:^{c^fiS3n.5. ^-/Xl 1 12R 
il^l 1 y-FfHil 1 i 6Rvmm<oy- 

^/FU->^«1 1 18R&1 12 0^*h5„ 
3&>6»Ofca. ±12133 0^13 4K.mLXm^-^tltc 

j:-5(c. y-=e- F-v^d'Prg^^Xv^s s^fflc^r^ 
+ > / <i*»#tff *>n . wm t - ^ 2 5 ttStfrffigcciBig 
sn> y- F^*;u^t*ggfiJt-r-2.. 

[0142] tt#tt!«6WC*$<,>-Ctt. 03 5lCmZti 
tc^y-v -^^04 0-041 (CiShS^f^W 

F-ynm^i 1 06**03 5fcme.ft.2xfc'> 

tc F 1 1 0 2Kc*-7** 1 1 0 4±tCJBfiRSti/c 

F-^iHiMl 1 0 6©±tC*.&USG©<fc5ft* 

rtrM^n*. * + »t>yjBi i i o©itaif. y 

- F^^U^2 8 0t*BBDP>ftS„ ycK:. J:IB03 6{CO 

t>ta^e.tifcj:5K 1 +^^7X/cF-ynm)ii 1 

0 6*6*Wttmi 1 0 0'sF--'N->F*S£t5(31±4 
K-vOF F^-<y-<>©/c«i)K:SS* i ^i'>-'<l 5rt 
T^©«3n5. *yt s ±fB03 6tC-DC^r^-<6 
ft/cJ:^tC** vfZtitcF-Vmm® 1 106*>^ 
3ltt«*4l 1 0 0^F-/N->F£&fi;*-e£Tx_,i,ii 

^-rfc»cc^x^a*^ + >r<i 5*» 
erooasns. 04 itcme.n4*^«:» ++!»y® 

1 1 1 0*i±tc*5 F-ysm®*>6© F-;f> h*s^ 
^i*«Wi ioort«:ffit5(3n-riHW^ + *JUxF^^ 

^«l 1 0 84r7fti£-r4. +t-;^il 1 1 OttF-^" 
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4xcu m&tmi 1 oo^m&itz f-^>w< 

fc£ffcXf-*:/aim3tt/c«> y-h^JUX2 8 0 
ttgafe3*i*<htt(c* + ? ^11 1 0 0 <t F-^SfSJB 
110 6 ©jR^* J S^)^x ^t^cc«t & y h 
•7 £ a Xvf 5 5 £/Bl>T x =f- > ftf 13 
3 8~g3 9<D^«3©toSlX^y yCD/cS>©ia3 7 (Cth 

tltctiL&lC * £„ #{t\ h 2 8 0 4 10 
m St 0 * 7 X 5 5 * ft* $ it S C i tc «fc 0 + > 

[0 14 3] P?&Sffi©NMOS h-7>^X*ra©g|<,» 
h U>^»fSI(COC>TW, K-yHlMl 10 6*iBS 
GIif4Ci*5T*S„ (X«CMOSlHlgg 
©N-^iJl') ©PMOS h^^X^ffl©^ h 
^SttC-^Ttt. K-^mjS 1 1 0 6KPSGgXB 

**iKj0.5 Mm ©hU>^ 1 1 0 2 4W-T50.3 5 *im * 

^©.fc^^/jNSw^^^^^^ic-DO-rri*. ffio. lting 20 
£&;*©* i^^x h ?^««l 10 8*5, *^©» 
j§HiS#fl©JlSiK)2 0 0 XlsifX h a— A©B S GJS 1 
1 0 6RUm2m2 0 0*>#X hn-AOUSG++ 
9 t>i'Zm^xB!$.2txZ>. 

[0144] iSM*ailSS9 0 0 MmK.Wm<Dlc&<Di> 

w*n^n-b»if. loffl^je^aiiss (asic 
s> . **v?^4xm<om<bmmmm> , ®.m.K.ttm 

NOS, CMOS. 'NV#--7XttB i CMOS?;W 30 
Wt*> */c. PMD, IMD, *^{fc£.t>'^*#X 

e^tf»an8S^v^©a^©@<!: ittw^ f 

[0145] *SH)!©«* vmMWlcU-yX * -e 1 

5 rt©-e-©i§x(;Mf * {cfiiffr s Jitter *> * ^8t#> 

[0146] B. iiiSH&©:^tt®fttJ)©i5fc# 
^^©^^©SlteCaKctntf. jB«F-Xjg£gfS## 

DSii, -canons ?-7mnm<Dimffi< l c$i&2ti 

^©fUSPJCcte^-ctt, y*-hv-r*njft:/5X 

5{C«fcoTNF3 ©<fc 5 y->#Xf 
^S$n/c^X-7*6©7 i>^S?rffl^SCtCC<fc») 

JJ/^ ^ + >^©?- * > Art©-?-©ti^'o -fe X£flil> £ 50 
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<b -e©<i « ©naseittge-, Ttu <* n/ciess^ep^© 

[0 1 4 7 ] ^©HJfcWcfct^Tte. ?t>^15IJ 
^iJfe^a-fe^tcoc^-ciJiiaiae. $5j3 0 0-C-6 5 

0 ^©©B©®®, £f $ 1/ < IJIft 5 5 0 "C~ 6 0 0 'CV 

1 torr~ 2 torr©ffiH©E^, * L < WiRjl. 5 torr"? 
*t#<**l£., t-^2 5tt, #X#E:/U- h2 0*>6 

1 5nm (*fj6 0 0rai1)©{5giCi^S!i$n. y-h/^l/^ 

2 8 0«Pg&3n, i» y->5(;XNF3 «i^6 0 0 seem 

©j$a-cr^';-r-f < t2 9 2^A3n-5.. ^y-> 

tfXttT^U-Sr-*^ 9 2^AS*l. ffi**l$«j3# 
P^3£fb 3 ft/ctSK v i» a&x *;l/^-#tr ^ y -Jr- 
$<g2 9 2fl©NF3 KttlA6.ni. ^{C. CWt-F 
■Ctf»3t5-vnha>7 1 1#>6#J5 0 0~2 5 0 
0V? K S?*L/<«iftl 000~1 500<7f b©v 

«. ±IB©«i:^(C-7y^ hu>7 1 1 frhm&gRvm. 
m<tm*ftLx&& $ nt mzm ->x y 2 

9 2KA4. UV7>^7 3 1 WT^ , y-Jr- : Jfg2 9 2 
rt©SIt>tt^ ; S:*AL'-C^Xv5r^SL/. -f*Xt 
Bit? T ^ y *r - ^ e 2 9 2 cc A -S -7 A t> a &x * )\, =f 

-tcto-ciNi^sns. r7 - y^-^«2 9 2-c^ss 

nfc±iS^^X^6©jSitS«AP2 9 OfcSfeniitf 
J^KW^Stl*. 2lillS«. «ATH2>^y 2 0 0F*3 

<own% $ n/ciiifs* t> y f 2 7 0 ©^ 
©4 7^PaiKy- h'W72 8o*ftvx&zmtm%si 
ji8S2 9 7^n-c9 L i->Mi s^AW^^x^e 

m&w&mmiv&iyk'mmu* + 1 5 ^raissx p 
v v )\"*)\>7*ftLxm&.$tiz. *mwit±-!&s.&m 

6 y ^ h^©9 i + >-'< 1 5(C-3C>-C©fc©-C4>£. 7 D 

-tf*jfte©ii{6F«K:fc^rfflne.ni ^+ >^©-y-^ x 

[ 0 1 4 8 ] <l*©*8S09tC*Jt,>-Ct*. #Jltarr~2to 
rrJz*)1&^E2)Xmft2tltc* + >'*l 5tC*Jl»r, 7 

W 1 torr~ 2 torr«fc 0 igt>IE*-C«. ffi^JB^cXCCjg 

^4?i*ec-rciRi>'r^y^-^e2 9 2«c*t-r£ 

»«©fcj?>K:«^*iac-rc:i*i*S. ft>^i5 

-r^T^y^-^^2 9 23&i«tl^«,>E^J 

-$^2 9 2<Dmmtri^zj&um^&-r>xmmzti 

Z>. <l^©HS6fia|«:*j(,»r«. v-f ^a^^AiEittns 
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SC±B^$*©t<b-C*>S. 

[0149] zfvX^WQ x^<D±miC&J$,$ti2><D 

©«fc5tc, ffi&x^?:/BJ¥<*#j9 0:*>y;*Fn--A 
©J*Mfftfr^1±^b«jfcoc>TB;ft5*J>~ l o^fatf 

te££3ftSt<bB^*©C<!: #2PJ©'J*- 

«ffe©^b«)^x5^>^3n. 

[0150] ±129 *^j5t^^n-feX^B2(i*i6^© 

jutwcfes**. ffe©^frfcfflc>p>n^o -tietawB. 
tib©®^©*!!©^©^^^*^— ur2 o o 

mrt *"lC&-&Ctc Applied Materials*i6iUIS3tl-C 
t,>*Giqa Fill(glii§&)Centura^X^ A{C4e(,>TN F 20 
3 J&iS^-COS. L*»LttJ&li=>, NF3 tN2, NF3 
£7->lo>. NF3 t02 . #fiF2 . CF4 . C2 F 
6 . C3 F8, S F6XBC 1 2 l?©ffe©7 
B£^W#*fc|i^K:JB<,>*>*lS. 

to 1 5 i ] c. ftttw^^-f^ia^^xiia 

^HJl. PMD1, I MDH. ®tfb1&;*&9Uf, tt»K 

> y nxBf6©;i ttwmom.ts: s a -iz * © i vrn#>* 

m^XBtfiZtiZ. BSGE PSGJg. BPSGKS 

^usG®©^p-fe^u^f*i^BjK:^c>e>ns k- 30 

K©Tie©iia-c, y- m-oi^ 8 oimchtitc* 
*-c$>z (tt<wat«©y*-h^9X^*5 5*at8i 

JcfflC>6ihft».>3&>tP0) . J|{4W<c:7'o-fe*B. CVD 
Sail 0 -CtTtoti. Wa«IIHH'CttttHS*ifc«aB«'5 
s^SACVDft*J. 

[0 1 5 2] CVD&gl OB. £/c. BPSG, blfi 
F-T^-YBpStf^;* (AsSG) XBfH2©MHJf fcln) 

fttcffll>6*i£. Sg&tST^XTittttCVD (PEC 40 
vd) ©i^ttffio^'a-fe^ui'facxteosiES^SS 

»CiT*5. *^®©03iLr«. TEB, * 
(TMB) . (B2 r^Ktfffe 

Ux^jU (TEPO) . SlOKhl/x^U (TE 
Pi). 'J^Ih'ijlfJKTMOP), l'J>IH) 

(TMPi ) SC«6©SHH{b^j*s^f6n*. 
BSGXKPSGHON&XC. bSF-TttttfeXM:*- 
-fKtS«W (AsSG) fc> MAKf. b£fkg«l& 50 
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itemzm^xmrnztiz. ->'j3>as©^tL-c«i/ 

7>(SiH4), TEOS XB&<H*> 'J n >®#Ptf 6 
*k K££L.T:tt02 . 03 . '?4i?u : &&J$M. : m& 
(O) eft*. TGOStH-CI*. ?R#iSi©i£jI 

(J5'Ji/7A/» (mp)TiS<l, tfxaat*WK&:& 
h;b/^(sccm)t , 7n3ns. ^©lftWt«. 

^®«fis5jg(*aEA^*ffl^r^b3n t 

tti.9 2 315-r-2.Ci«:J;*)«f*SSii tw&rtxW&sc 

onic ^ 3 n s »a o < b. 

3?5i& F-TllSSiWSACVDT'n-bX'CTEOS/ 

03 ^b^^fflc^T^fR^n. $>z$mmic*$^ximm 
©^ci,^-{cK-^$n/cjBss^p^*^«fr4. ffe 
©Htt«tc*ji>-c«. fi^Tka© f - -Tmrnmi* sac 
VD^^iciSTEOS/oa it¥*m^r&i£2 
n-crx^^htb^t -y^7^ju©isc^ ffi*©ii>* 
t\ ^JSSAwffic^Ryf^f^MXji^/jNSo^a^b^ 

[0 15 3] 1. »{*W«lBSG|giiSt 
fKHNiOt, TIB«c^6n-5BSG«itaBK- 

t?*SBSGK*^fS-r-5C<!:*i-C#S. U^tf*JB S 

gji©<i^ ©ftfflsa f ^fM©pn®tcS"5c»'CM^t -p"C J: 

l,^n5F-^@il/t»«$n5PSGiB, T 
IB©Ui-'b'£fliC>J& > ^> F-'O hiStrfflt^nS^/XtC 

[0 1 54] JUmttBSG'WjrJRUt. "Jx-^Rtffc 
2 5 £#2 0 0-C-6 5 0 *C©Sg t 0 < B#J 

4 0 0*C~6 5 0*C©iaS. *fc#*U<B*\j5 0 0'C 
Kfln&U C©iaSffiH*iiS©Pflrt3^-rsCiCCj: 

EB«Ufcy-h>'^U^2 8 0i*«:. * + 
1 5 Bifi 1 0 tori— 7 6 0 torr©®ffl©F£^ 
3*1*. Jf*0<B. F£*jB*>j4 0 0torr~6 0 0torr 
©ffiHl^rig^Stl, Sfe»*0<Bift6 0 0torr-C^ 
f?3ft-&. t-$2 5B, ijXftm-7\s-Y2 0lPt>m 
3mm~8mm ($) 1 5 0~3 0 0mil)tCBEB3tl. 
r 2 0*>e>ift6 mm (**J2 5 Omil)K:I2g3*lSC 

[0 155] ^^^tSiL-CTEB. 3>i®tL/-f 
TEOSSC^^©^i®<!:l/T03 5:^tf ^a-fe^*f 
X#£*£3*iS. jgft-C4STEBRc;TEOSiSB« 
ibSnfc^K:. -MJ -i7A©«t^^^ffitt*+ V^tfXt 

m&ztiz. mmt. ^s^9 3i*3©?K»aA*«c 
«to-ci»-rn*>^b3n. mxutcmjtm^m^<o^m. 

(OmWifi***.*. T E B©SKiiB0?M© F-'O higg 
tcS-^l>r*5j5 0-5 5 0 mcm-C*"). TEOSSKIB 
ifa3 0 0 mgir-1 0 00 mgn. Jf*U<B$5)5 0 0 m<»n 
•C*-S. ^CtC, ^bl/fcTEOSSVTEB^B. 3 
0 0 0scan~6 0 0 0scan©jiS. »*L<Bff)400 
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Osccn<DjIgrd£ttTt>S^y ^A*;*** 'J 

03 <DJ&DMMt. ft300 0sccm~6 0 0 0 
scon©i£irciiiA£ft t tfftL< «ift5 0 0 0sccm©i£ 
jirSA^n*. «511^-b>h 
(wt 50- 1 6vrt%©^*SWrS. #X©^«, # 
E?l'-l-2 0j&»&9 i + >J<l 5^j»AS*iTJ5J£tt# 

[0156] ±IH^fl=«. 500^>^F D-A/# 
-1 0 0 0^->^x ha-A/^©2gft?liaL//cBS 10 

0. If <*#*>J5 0*>^X f-a-A-5 0 0*>?X h 
n-A. *?£l,<tt#Jl 0 0*>#Z. hO-A-3 0 0 
*>:?X h n-A©B SG&±WZ<D7u-bXg>ftXM 1 
0#~6 0#tM$h4. ftoT, JS»L/cBSGK 
©/ISttSiJCCiliWStt-S. «F*L<«. ?#6tt/cBS 
G WSM ©# f fH<Dvrt% Ufa 2 wt9* ~ 8 vrt5fi ©ffiffl-C * 

Jtf*l/<»^6wt%-C*S„ 
[0157] 2 . H#8ttcP S Glg^S 

*fc— tfa-tL-r. Tia©PSGM«au->f«. pmd 20 
ut*-t#sp S GJiOffl^<Dfi6fflRa : H'rS©D a DS{c*'3<.» 

T#|&^T£l>C<t«^©e PSGjg©© 

s*>ccffe©K-7^m^«, Tiaout'fcri^wu^ 

«fc •) PMDHi LTffil»64a5. 
[0 1 5 8 ] Hfl#]&PSG.>-Ol.i7Mtt. ^x'yRtffc 
-* 2 5 4^2 0 0-C~6 5 0-C©SS. »*0<ttift 
4 0 O'C-6 5 0-C©ag. Mh0^L<l,tm5OO'C 

oit«-r-5. wmofcy- vxfrzrz 8 0 i^tc 9 + 

1 5 itm 1 0 torr-7 6 0 torr©©B©JE*J-CiliJ$ 
Stl-S. #SKtt. ff#»#j4 0 0torr~6 0 0torr 
©®BF'3-C;|fl#;*^l > £ l> < »#J4 5 Otorrfi* 
J#3ft&. t-*2 5«. #X#12:/U<- h 2 0A^» 
3nm~8mm (ifcl 5 0~3 0 0nrn)(Cl2g3*V 
h 2 0*>?>ift6nro (ift2 5 0 mi DlCEg 3 Ja-SC ttW 

[0 15 9] ')>mtbXTEPO. ->'J^>mtLX 

xai^JiSSttS. St<*r*STEBRi^TEOS?S«« 

+ ft*. TEPO©«£ii«3Ta©K- 

^>higgK*-3l>-C#Jl 0~1 0 0 mgriVb*). TE 
OSifcSI«iRj5 0 0 mgir-1 500 imjtk JfiF*t,<«#j 
1 0 00 mgnC&S. mtbfcT E O SRCTT E 

BtfXti. 2 0 0 0scan~6 0 0 0sccm©2g. 
<Bft4000 scan©jig-ei£ftTl»S-'s , J V&iJX* 
♦ •J+ijg^Sni. 03 ©JB©^& <ift5~16wt% 
©K8B£Wr4 ) », #J2 5 0 0 scan- 6 0 0 0 scan© 50 
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ife&xmAZtX. ls< itm4 0 0 0 scan©^ji-r^ 

t ^'i 5^A^nrsic;l4^**®«ffi^«t& 

U ^^b^JSt&*iSBc-5-CffSi©K?:^^-.5>. 
[0160] ±fB^fr«:J:«5iPji 780t>^ hu- 

A/^©iig-citS$n/cPSG)g^#6ns. *st$ 

Pa1£ijHj®)-f -ScitCtO. ff^ftfcP S Gig*© U >© 
vrt^«i^2vrt%~8vrt%©ffiHt?*'5 > S?£L< W#J4 

[016133. jH*lttftBPSGjgitlf» 
mtC—MtLX. TiStea^ftSBPSG^ItSBP 
MDli t/tffflT*4BP S GBIrMtSC 
* S . V is f * B P S GJg©ffl * ©ffifflSyfrMO D D 0 g 
T J; C> C t i*%m<DC t T? * S . 

t0 162)Wl*)ftBPSG^^Itt t 
k-:»25£#)l 0 0-C~8 0 0-C©Sa. #£U<«: 
i^4 0 0 'C~6 5 0 *C©iaa. S4>»* L- < «i^4 8 0 

•cctMBiu c©ae©H**sa©ra*«^-sci«: 

JrO^S-r^.. Hilll/fcy-h^;i'^2 8 0<!:it«:. * 
■f 1 5 itm 1 0 torr~ 7 6 0 torr©ffiH©E^Jt?i» 
^fStlS. Jff*U<«. ff^iiKll 5 0torr~6 OOto 
rr©ffiHF*3-Ci«f#3tl. Mi>& * KIJIJ2 0 0 torrT? 

t-f2 5B, ^^12^U- h2 0*^ 
^J3mm~l 0mm 1 5 0 ~4 0 OmiDKffigS ft, Zf 
U- h 2 0di6i^8 mm (^3 0 OnriDKEgStiSC <b 

[0 1 6 3 ] frVmmt LXTEB* >;>SiltTE 
PO. i"Ja>iS<!:U-CTEOSSiy t ^©^®<!:L. 

EB. TEPOSc;TEOSaStt?g(*ttA^-cm{t3n 
fcfftK. •^y>A©J:'>/j:TrStt++ 'J+^iil-^S 

ns. •;>. '>'j3>RyfK^©fte©«j&js<) 

fflt,>6n4C<t*S|2^5n-5Ci«^©Ci-C*S. 
TEB©SSEai«. iK) 1 5 0 mqrrr-2 0 0 mqriX'$>2>Ct 

TEPO©jJSiI«. W©F-rt> 
(cS-5t,>r>Kj 1 0-100 mc»n. W*L/<«*«J2 4 mgn 
-C**), TEOSSSa«S^33 0 0 mgm~7 0 0 rnqrnt?* 
■5..^<C. SvibL/cTEO. TEBSCXTEOS^'X 
«. 20 0 0sccm~8 0 0 0sccm©jl@:. W*L<«iR) 
6 0 0 0 scon©jiST?«Etir(,^^ 'J ^A**X+ t'Jt 
03 ©^©gBBB, $)2 0 0 0scan~5 
0 0 0 scanOSSiST^AS n. J? * U < ttift 4 0 0 0 sc 
anOiSig-CgASft*. *^>M^SHt. if^5ffifi^-- 
•fe> Kvrt ?0~ 1 6vrt%©K^*$*^.&. ^Xil-&!B) 

T§TM©®*^-rs. 

[ 0 1 6 4 ] ±!B&#«: J: <D . 3500t>^ha- 
a/^~ 5500*>^ha- A/5)-©as-ciia 1/ 
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B P S G Jg®ffl©* Vmomg. b^Mt 2 wt%~ 
6wt%-C4>»). ';>©^U-^JU«2wt%~9wt%-C* 

[0165] _h!BB S G. PSG. BPSG^Q^a 

cmeousGyu-fe^tcfcws^y-^-tt. i$hp 
ft*©©H * © £ o r *ft s ft £ ^ # t-« ft 

t>. ^fBKtt. b3R©«fc5ftffe©K--/<c>r'C 

±IE©:?PHi«2 0 Omm'i>*^tC!Sfii£tl/c.^i' 10 

©ft?. ft^7^-f-a^tt?:ffl^4Ctt 

c o 1 6 6 j m&mmt. m$»tm^tzi&-rz> y-? 
mmmtpo f—to t-m-<Dmm^ffl£<o%isx$>zc 

^4^#rs»«©*ffiAi^ss*ifc. letssnfcs* 

_LiE©Jltl#Jftif9 b© 1 «©«fc ^ ft b 20 

zm^xmammLtc'&K. Y-7mw§ic^xiTt>ti 

S. MK. Tia©^5iBSG (XBPSG) ©#H1K: 
[0 1 67] 4. JU*fcJftUSGeii« 

a. mm^mtmxitmmm 

(USG) i», «*.«. SC» r U>^»Si|{Cfflt,>6*l 

SfciWCCVDSSgl O-cmmZtlh. KSG]g#IM 30 
DJi, teaWXttf6©BiL-Cffil»6n4Ct»^«S© 

ci-c*<b. Tietc&^n-sjMfctt&usGu^t 
«> Si!>©ffi*-C8 o o-cj:om»ias©T--u>^ 
*3S?¥-r S c t »-c # «#Ht(c«K«>lKi >Re*$-ftjR 
?Bfrx^i» hit©^7-f ^ft^U-i'O'ft 

^7 -< ;H4i©gnti,^u s Gitt, usG©#-r 

F£HW -5 C <t ft < #&tc&-& x * ?•> ^Sft-cjKS 
©Xt,^>^n-fe^^f*>t^^C<!;*s-C*-5 0 USG 
JRtt. *fc. USGW KX{iOt>«riaW*C<tft< 

iwmm* visisit (cmp) ¥&<t*iTt>tt* e i 40 

CO 16 8] 9*ARtffc-*2 5tt, «*j2 0 0-C-6 

5 o x;©iag. l < 5 o "c— e 5 o •cojas 

fcjM&Sti. C©SSffiffl*«IS©ra«tJ«t^$iii. b 
-*25tt. jtfX^E^U- F 2 0*i<E>*tj6rrm~ 1 Own 
(#j2 5 0~4 0 0(iril)(CKg;*ft. #j9mn(#j3 5 0 

* + >a«1 5©E?J«ifal 0 tori— 7 6 Otorr. L 
< «#J6 0 OtorrCU-^-rt/TlfJf 

CO 1 6 9 ] WH&.ai/ , )^ym*&ts7u-bZ*iA 50 
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». 5>'j3>ig({iTEos-c*»3. mmmtt03 u$>z 

*K §f ttcttS i H4 , TMCTX»SiH©«*&iS© 
£'?tj:mto(0is<)3>m6ME!.U02\ H2 O. N2 

ft£C<t #1218 3ft*. TEOSAifyn^i&i; bxm 

9 AXBN2 ©<fc 5ft* + 
tfffll>&tl&. TEOS{C*f-rS03 ©Jttt. ift2~l 
7 : 1 ©S6fflT-£>S#. Jf*0< W*«J2~6 : 1 "C* 

CO 1 7 0 ] ^^SJc.^©S^8Sfi«. *S? + > 

^©^s^sfticioDr^fti. //^^p-fcisaiia 

B. TEOSttift5 0 0 mgm~2 50 0 mcp©i£jrc® 
AS4l. W2000 mcm©Sai-CiSA$tv-5Ci*sSf* 
03 (#j5wt%~l 6wt%©&3B> «ifo2 00 0 
sccm~ 1 0 0 0 Oscon. 1/ < Bift5 0 0 0 sccmCift 
jTCigASftS. ^'JfAXBi^B. 2000scor- 
1 0 0 0 Oscon©^. &&L< itmi 0 0 0sccm©i£ 

mxmxzti*. a?s. ^©its^* >;wd#*© 

£i£Stt. #>5 00 Oscair-2 0 00 Oscan. &tL< 
itm 1 5 0 0 0 scatiX$&b? 4. ±IS©*frT. #J 1 4 
50*>^F a- A/#jy_h©J£StjIKas?#?,ftS. 
±ia7o-fii«2 o 0nm'i'*>'^g i 1'>-'<©?'c^^>©^>©■r 

CO 1 7 1 ] b. v\Zls#m 

*&w<Dm<Dnmmicj:tni. *iSBSG (x»ps 

G) )1BSI|©»CiUSG@-C++ ^3tl4. USGf 

♦ yb->^«*^*Ki(Xl/«:<l>^ftM-C**„ S£ 

or. usG*f?b>d/n«\ ^ffi«:**7k«-*sBS 

G (X«PSG) J*^ftiK3tl&e&*»6l&jtr&B.S 
G (XBPSG) @©±K:»*®*i9:WS. HtC. US 
G+ + 9 b->yjlB+B*f«J(c2gfi©iSc^-C4>D . *V 

&<<DY->^vm*ffl5L<Dfim*:&m< l c-fi>* usg 

#(cfi;»t--2.C<t*i-Clf-5fc©*s*-5 <> Sfot, 
b> ^®©ffi«{*l£t5jS^^©ai5 ©$ll29«car^ 
^„ USGlttBSG (XttPSG) mtM<Dmm* + 
BSG (XttPSG) m<Dmm& 

4l*C<i:*i»*H,> 0 *f » b>^ji^(S-r^^<© 

CO 17 2] USGa^RS-rs^-^a-bx^-^t 
c^r^i. #K-^-rKS^^^JS«Tf2©«t^«: 

* + v b > i/Jg i l x mi » 6 n * « *> 0 T ft < Tfc& s 
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ens. 

[0 17 3] •^yRtft-f 2 5B, *«J2 0 0-C~6 

o o *c, J? * b< b#j5 o o •c^ffiHODi&gfara&u 

C©i^S5H£«S©RS*ilt83nS. fc-f 2 5B. 
^^E^l/- h2 0*>eift6nm~9nro (#J2 5 0 — 3 
5 OnriDCCgeSStl. i^8imi(^3 0 0mi1)*iW*0 
l». Ki«Lfcy-h>'<;U^2 8 0iit{C 1 ^f^'i 5 
©1£2JB#J5 0 torr—7 6 0 tori\ tff&U< 0 0 

torr~ 6 0 0 torr. Mbftt b < Bifa4 0 0 torr©U-*< 

ju-eiiitsns. 10 

[0174] K^Rtf^ 'J a >$i£^tf ^"a -fe* 

«. ita^+^^iSAsns. jfiiiiiswiKte^-c 
b; s^y3>?si*TEOs-c*»). K3&ECB03 -c£>s 
^^{c«siH4 > s^>©«fc5&iijin©^y 3 

>«J&i&&tK)2 . H2 O. N2G\ Stf3HH©{ft*&i8i 
Rtf-£©ig£<BJ©J: 5 fcf6©&JSSiSifcfflu ens ci*i 
fgiasns. TEos*s^y3>jgt<bi/-rffli»6n5.ii 
^. ^ y axb^sb© ± ^a*t';+*x*«m»6n 

•So TEOS«:>ttTS03 ©J±B. i^2~ 1 7 : 1 ©ffi 
ffl-CifcSrt*. J?*L<B#J2~6 : 17*5. 20 

[0175] UAmmf&ft<D&m±%Mi*. mm?-+> 

^ftHHrrS/cfeK^tftSttSCiai-CtS. 
B> TEOSttifi5 0 0 iwjn~2 50 0 mc^D^MV^ 
A3n. iftl 0 0 0 mcjn~ 1 2 5 0 imjnOifcjl'CzgA 3 
nSCitfjffSLO. 03 (#5vrt%~l 6vrt%©® 
SO «ift2 0 0 Oscair- 1 0 0 0 0 scaa 0 & l> < B#J 
7 000scan©SSa-C«A3tiS. *v y 9 AXHOBR 
B. 2 00 0scem~6 00 0sccm©ifcS < #SL<Bifo 
4 0 00scan©i^r5£Ai*nS. 2/*©iig?- 30 

*>;<"»©;tf;*©±86SB, fi500 0scan~2 0 0 0 
0 scan. »$KIJiB1 5000 scarC9»Ta. JtfB 
©&#T. «500*>^hD-A/^1 500t 

[0 17 6] U S G+ 1 ? t> f@4ISSt S^CD7"a 
■b^^ilt^S. !ffiaS©USG+t 
B. *tj50+>^ ho-A~5 O0t>yxhP- 

enstftH&tf^* ^t^xtciotii, 

^B/?C>JlK:tt'<-rjlfei>-r-&. USG+-C v 

sns. momfniytc^tjiWKt^m^^tsmm^ 
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tizciLbimztiz. Etc. usG+t » -fmtfi. s 

ACVD©m?"3(CAPCVD. PECVDXBLPC 

ie©«fc^tc, ^P-bX^©«-Ctf^f + 5 
©&fll#&k»£l/< . vju^^ + ^^'^rtwa^©^ 

[0177] #f$H©ffe©§liS0!lK:J:nB > K-^@© 
9 K -7 - g|mjg±«:^©JSU S GXBSfH©* + ? 

aygjssns. c©jU£#ifc*ji>-rB. i^cbsg 

(XB P S G ) © <fc 5 ft F - :7sf HJl#±te© J: 9 
ESSnS. F-'O Hi©^*W< 1 5^07 0 

-*if?±$n. &Klc^HKl#~3 0#P.8i|£<. 
l/<t*. &J5I£#*)38>~1 0#i&<. C©*JS08tc*$ 
l»-CB. F -/<> h ?SiB«t&?S©fl«&^ >©^<;U^<& 
mUTZC £KJ:9#±3nS©r&Jg&B4>ft < t 

[0178] F-^> F^iS^MtiCitt, iiTs 

©7 x-^-^-u- h ^u-c3tt?©tc*>*>5^ra4fiis 

L-ncWtiB!&:6£C>C:iB^©CiT?*.2). tc^XH 
©CVDv^>tB, ^*^A>'^l'^'*'6iia^ + > 

^^«ai)-r.4>©K:»f**s^-c«>.s©-c. -e©an*fiF 

^•T.S©{c+»5Kto-CB?|g3n£WnB£6*C^ 

T$i®mic t e b«*§5 ><D't)i>7%w\ c z> t ±te© 

[0 17 9] F-^HmJl{C^fiS3n/cUSG++--'^ 
©^•©JiiifflB. ^^©SSRi^Tk^JtRtC^t-rS^ 
tc f> MM K— •7M®*mf&-r SJ£t4©K 

[0 18 0] USG+t ? e>^©^©R*5»J{cX 
B»n^.r. K-^^©*^-KiR*j^3^oS^ 

ens. RF^"7Xv^{t^/cS9fe{^«:*jc>rB. 
■v®m{b«as^fflt»e>ns. ^suss^^^-tb. ^ 

if{C*>)l torr~5torr(CiKI^3nS. 

04EBC-C. ^(N2). T>*-T (NH3)XBT^ 

=f>©J: 9 £JSlS14^*fflC>t:^S$nfc^X-v*i 

^+w?i 5«cigA<*n*. ffit>ens7"^x-75jM© 

mtC— F9i Lt, N2 (OZStefclZ&tfZ.ifitfAU-iiXk 
93K1 0 OOsccm-C^y^Aiig-^^n/cij^l 00 0 



65 

m 3 5 0 J tf'VlU? (IWz)CDR F JSift»©ft 4 5 0 7--; 

Kom^u^;i/"CftSb$^r^^>^' l Srttct/^Xv 
[o 1 8 i ] d. ^(ommmRV/xttvyv-miMm 

Xtt 1 y 7 a-^a-feXOB *^«coc»r 

wattiBiW-ra. *rx^*FJtF9>yx*xi*& 

IS F b>*±fc#J«Stift:PMD»i l/TteflrrS/cfc 
tc, PSGOJ:5tt#F-^X«F--^Wt*l«:t«fe^ 

(DCCSSr&So F~:/gtSJH<0¥*fl*b«\ 1*IS"C 
y?a-T&c<tfcJ:9m>ft£o y?n-*fT9c& 

KS(0C4t*4. TE©M**«tt* y?P-K:flft»6 

aar©F-^>b F^-<^-Y>x«ffecD@9 t jofife 

©ftfiftX^ 5>:/t>fTb*l*. 
[0 18 2]fl<rOH«W«:<fcot, 2SWj7D 
-^n-feXfcTCca'**. 8 0*5HII13 

n/c^ + >^l 5te#)2 0 Otorr-7 6 0 torrCDEE^jr 
8B#;*ft&o tfX^St/U- F 2 0*>6*j5imr~l Orwn 
(#J2 0 0-4 0 0 mil), jff£U<ttift8mnr-9rTin (#J 
33 0 mil- 3 5 Onril^fflfllfflSB©^ ^^S^t- * 
25«, JtS^SCD/c26«:^ + >^n 5F^-r^5 0 0°C 
-8 0 0'C, »*0<W55 0 - C-6 5 0°CCCjn^$ 

saswecfie -o r Btsn £ y 7 o -r & tc&tc v * »am 

7 5 0-C-9 5 0U &&L< ktmi 5 OXJ-8 5 0'C 

/y 7n-yp-fextcoc>T«, y^n-sacc<^45 

coi83] m<D®**<D9mwtc£2> lata/y^a 

-:/p*feX£2-<£ 0 F'^:/2 8 OtfHMStifc 
* + 1 5 BJft 2 0 0 torr- 7 6 0 torr<DEfr-C*£f# 
3n^ a #E:7tx-F2 0^6ft5nin-l Orrin (#J2 0 
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0-40 0mil), W£U<tt&8rmr~9mm (£>3 30 m 
11- 3 5 Orrril)(D^S&SO'i7x^>RC/t-^2 5tt, 

y 7 o -nwiau% o s * * 1 5 i*rc» 

7 5 0°C-9 5 0U »*L<^7 5 0'C~8 5 0 - C 
[0 1 8 4 ] ±iB<D «fc5JC* »5x^**<D»^f ^"o 

* 0 sec, tt5 5ox;*oi«c»aarc«««*«8ir* 
£ima&ufct§^oc#-f F*«jautti»«ffi©jsc*a»iS 

[0 18 5] E. ^*>^<fJ6»/5/-.X->y/* f 9* 

y>y^p-fex 

3 ft&«^:/n^xx^* l 5#» 

20 6^*;N#&;*ti£o X^D-^ K7^fc-^2 5±(C 

^ fe/c^t>ffliRsn/c^- y>y* + i s r 

**>^1 5<DT<D»#* t-*2 5(DJg;R 
tfffecD?- * >;*n>#— * > F CDSrr^CDft * >^ 
*t*tr* + >^l 5©»#fr&a*ftTl>ttC»Wb«J. 
&^/X«^b«9©<t 5tt*S:/P^x3£a«£l&*-r 
1 5«^-f >^?5Ej*^n-feX«rSWS 

e*^c, ^^>A«fj*«Jia^a-fex4»«:5au/c^a«5 

30 ^^i->^^^^6, WiLtf.. y*- hv-f^aifi^ 
Xv^5 5 tc<fc oTJgfStt^ y ->^/X"C^J5R3n/c^ 

*-^>^l S^fesJO^-CSIfetlSS i F4 ^X^X«5 

©ifljKiAoaaMib^yn^ttssti*. tib©^ 

[0186] **^<DjfiFia^»«tC*Jlrir tt, NF3« 

7^*s*^fiR-r4^y->^xtLrffl^6ti&. * 

NF3 S^FSW 
40 ^a-4^0-SJ:5«:y**- hv-f *njfc:/5X-*jfi5 
5t*Wt4t:iW»U». *»lH©y*-Fv-f jr 

»^Xv^o-bxiik^<railix*j^-3^/hS<* 
ogi#^*r*sib/cK*cciaswx^'y^y>^8!i* 
X«*W<b^©^*tti»ci3W3wr**. see, 

-Scor. NF3 olKfflB»Htt©^iU7Ju*n*-# 
> (PFC) £dMk«A£S*ftt^ 
[0187] *k«©»»»*tff F P 9 
50 ^ *a&V*<Dffl*&^1fi*MftZtiti;»tiiiittt 
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04 2«, ^^©^©SlifeflliCj:*. j§@[ 

tt. ffl*©||*6{Wc<J:fttfift5 0 Oscair-9 5 0 seem© 
3tt£T-5>NF3 KttL-Cftl 300-77 h~2 10 0-7 

^nj^|Sfflm7Jt*i^9 5 0scan©NF37a-U:*fL'C 10 

[0 1 8 8 ] Jt&ffJ&T-i' XlC*sl,>X 20 

ra*^3 0 0'C~6 5 0*C. HtcS?*0< Wsft5 5 0"C 
~6 0 0-C©KH<DagK:|tJ$;*nS. &*>#*L< 
tt. ^ + 5ttS<tt ! J%^'ci-feX*i^-»'>^l 5-C 

wii lx p sgm 600 -crits-r ztc&icm^hti 
tc^-^>^Hx\i& o ovx? + >mtS&?'n-\zz.&ft 
ton*. xd7 hu-^uy^gawy- v*)\>72 so* 

m&fck-*2 5tt#X#lE:7'U-h2 0fc>6fa3iTir~ 
6mm (ftl 00~250 nril^-2 5 0 rnil). Jf*L/<« 30 
4mm (ift 1 5 OmiDtCiBg^nSO-C^^ffi^'U- h 
2 0*s»3nS. ^^15^U-h2 0%JJD^-5r.Si 

». #*o<»ft5#WTfc>*-i*. 

[0189] mjtWfto^S8?r«:EE73SJ>*i' - 
f--:>:7"t£. ^--f 1 5 i^f 7 ^iffcfflt^tt 

^{im^S{b^f-t»7-t?tt > ft>^'i5(3*)i 40 
torr- 2 torr. Sf * 0 < »iftl.5 torr©ffi73«C^c 0 . V 
- h>VV72 8 0affitfcUXi,>2>. ift 1 torr~2 torrj: 

&7,m?ions*i4t;, 

ift 1 torr~2 torr<fc DJSl^t >-"'E73&Ctel,>-C 

«. mfim!k£vicT7V4—2m2 9 2Ktt-rzmm 

5tt> *f^iB7'U-h2 0*^ftl lmm~ 1 8nm (ft 
4 5 0 nril~7 0 0 mil), 0 * L < ttift 1 5nm (ft 6 0 
0mil)©SEgt*r«3nS. 9>)->ifA. NF3«. 50 
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ift 6 0 0 ~ 1 10 0 scan. SiFS L < ttift9 5 0 sccm©5£ 
S-CT^"';-5r-f©2 9 2^3£A3ttS„ CI ©^ft7»?f» 

v ^«CEnfln3n-5t>fK:ift2#~6# > »£U<{Jift3 

[0 1 9 0 ] + v zfUiis^XU. 

1 5 «©^Hi»ifS^b^fr«ft 1 torr~ 2 torr©ffi 
H©EE75. #£b<ttft2torrr ft*. Sfc^JW 
**m>*l-2>*§£\ ift5 0 0 9 v h~2 5 0 0 O v Y<D-7 
■<2aWi.'mjlttT7iJ>r-$'g2 9 2 (CEPflnStl*. » 
*L/<«. ha>7 1 1 lit. ft2.5 4 GHzW * 

ft 9 5 0 scan©i? $ tA> 7 a 

-K:*tLTift2 100C7 h©cw*- K-c&fPSti 

W£nj&«. ±IB©«t^«CV^ hP>7 1 1*» 
hmWglkVWtmim*:'ft\;X7 7V>r-Z<g2 9 2K. 

&*m-pXGm2tiz>. uv^>^7 3i«. r^u-jr 

-*<g2 9 2©JStStt^ ; &*^.Lr7 , 7Xv*0fiS 
U 4*>mZ?&X77Vir-~t<m2 9 2lCA?>-?>< * 

[0191] ^ + >^*m^f-2'^. v^^o^EP 
lJa$tl2>7rfVtr-$ i g2 QZt&SiShfc^Xv* 

6©:??^sw\ ycjc. pgscy-h>'^u^2 8 0^u 
tf+>^ l 5^tiii^M*n-ct^j:^ffi{bg|®!Bj* 

StiiCD-C, ^-7Xvcfi©SJott7 **©*?• 
1 5©^S^»g|5»(CiijmR^^-rS{:<!:*s-C^ 

5. se-^r. * + »-u 5©S*?s*gp^«:oiir. 

ft3 0#~ftl0^. Jf$0<ttft6 0^— 2 0 0#, 
®*>»* 0 < ttift 1 6 0#i&< „ >^'»^B#P^*s^ 

+>^-i srtoKYb^s^/fss^astcfc-p-cs^ 

->tJ:l>Citt^©CfC*S. ±ie©«fc^tc. ffe© 

Hist^-cffl t-^ns^f^^'©-^^ z&vmm&vic 7 

7,&mzfi>- hWj<D'&*><Dmw<om£txx^tj;^m& 
[0192] ? + >>*m&&. mk. ari^x^-^x 
x^tc±3mm.xmm c iwi ^ + > 

5«. F^SH-^lii^-fctf^XI&S-r-S. C©^ 
tS^gf^^f ^t>. t-^2 5tt#*#ffi:/U-h2 
0*>6ift3 8nm—5 9rmGft 1 5 0 0 mil~2 2 0 0mi 
1). Sf*L/<«ift5 lmm (^2 0 0 0 mil)©{4g(C^5 
tl. ^Of h )WVl>-7\3ffim$ tl. V-FM;^2 8 0 
ttP3fiS5$n/c**-C*S. gfm^^-y^«ft50~2 0 
#\ jff*L<liiftl 0»fiS#. ^ + >^1 5^6Sf»3 
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t»h § ti & * -c&mmm<Di¥±&tr$ *> ©cc 
mb? ztctbicm &m&&mm i>m^ ens. 

[0193] 7 + >'-<ft»^MSk. ^©JiS^ 

>^'H©affi«:«tt7 ^{k^«<D«R#*i&-S. ycoDiS 

ism*. Tte©s«[a©7^6'C5 : - + >>'>'S(o«ffi^6tR^ 
[0194] v ±x<Dmnv{vz 

<kf ya> (S i 02)liaK:j:- 3 -C||ife^-r4/c*{ct/ 
[0195] SJStCtt. f^W^Sf^X^^ zftiy-Xs. 20 

Ttt v y-h^;U^2 8 0«Klj5lSn. ft>'tl5H 
*>J2 0 torr—7 0 torr\ Jf*Ktt5 0 torr©E*JTMt 

8imr~l 4nra (ifc3 0 0 mil~5 SOmil). tff£L<lt 
mi 3mm (*5j5 0 0mi1)©{4g(C^tt3tlS„ <!*©H 

li09K:*jt,»Ttt» 3i&sa4S 3 Irt x~>yx^ 

eos ^©BWk^ y 3 >ifMa©/c«Mc* + > 

SSK x ffe©#x -x^ > trsixf x i> >- X- 
> ?%feitx7- v xtc^c* ens C £ tt^M©C i-c* 

S. 7 , Ui/-X->i/S^k^T--^7-C« > #J20 0 m 
<m~4 0 0 mcjn, Jff* K «#J3 0 0 mc»n©ifcji©?K# 
TEOS#M{k3*V ^I4 0 0 0sccro~8 0 0 0sccnu 
W*U<ttl«j6 0 0 0scan©jiSt , 9 : - + >>'N'l 5^*a 

x^z^vv&jr+vwxt&mztiz. xxiu- 
«. ^ctjfH>6ft£ffi#©APXttW*n&©EPjjn 40 

Sft*C£&< 2 9 2&ftLX? + l/Ji 

15^iSA3n*. C©£^kX7^X»#j5#~2 5 
*K U < l**«J 1 5#&£. ^©&tt^-X~>i/® 
fttBjS:?- + >M 1 5 tC*S Lte*SK^®©3SA*.6-> 

-Ctt. *v/>«<i^©ffiffl*SXo-b^{cfflv>6n*^ 
ii ±125 5 0*C©HilUSGlta^D-feXK: 

ot,>Tttft 5 0 0 0 scanX«±ie 6 0 0 "C©fli*P S G 
*a^a-bX«:-3t»T«*5j4 0 0 Osccm) "Ctfjl 0*j>~ 
20#. JfiF*L<tt#Jl 5^P^A^n-C^f>^l 5 50 
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^SIPSGliS^P-feX©K^«|«}8wt%-C*i) „ V 
-X-^Xf^Xtp. tfv'^p-w:. 
£?gg©^l!il£fi:/hK: t5fc»KJffl7"ntXi -gcT 
*Ci*SSS-C*2,„ fcoT, ">-X^>y^ + >^l 
5tt. * + >/ti 5©«ffi±K«»3ft/c7 -,fii/jlHP* 

ifts-rsc 

[0196] ±iei^->-x->i/xf »m mte&m 

X2 8 0«Kia§n/c**-C*5. t-$2 5tt, #X 
#EXU-h2 0rt>6l-l2 0imr-25im (#}8 0 0 mil 
~1 OOOmil), &$ L.< (**^2 5mm (#j9 9 9rrril)© 

at* y> ^ a -«i^-x- > tf* f- v zft. m c * * 

M«:$!J5#~2 0«>. ffSKBfil O^tTtonS. 

s^g^xf-fT-cti, y-h^;u^2 8 0«Ki;e>n 

fc*$TftO, fc-* 25B^«jL«ct>, 4t©^7 

Sfmx^vT'B. cc-cii^coJtta^n-fex. fln&x-?- 
•> ^"Xli'i' *^z5t?f»XT- 7*©/c«>-e*Sffe©'i/ 
^-f^N'l 5fc^A3ftSI5CCJ5j5#~2 0i&\ ttf&U 

< i o ®wt < „ m&&m<tx 7~ v TRvvmz ?■ ? 

7-x«8U©y v * y > 4/x^ 7* (Tfe©W) £ ihhik: 
fflii s c £ lifg^s 5 n s. 

[0197] ±ieSIJI0gK:#*3S*l60!ltC*Jt>-C«. ± 

>fp«i u^jb©v -r ^ o &m^©-7 -f ^ o jg 

^©^^StfCidi-c^. EftRtfv 4 2 oig:/ a 
•fex^S©^Hi?»^S^fc*pIfi6fc^-S. 

^mm^mtTm # gst a 6 n s . 
[0198] Kt>t~?-< .*oawwj©Bn*acJEfk*iiii8 
{c-rs©-c. N2(x«ffe©^§tt^ > ffiffl^y->^/ 

©BgK:T^y^-^g2 9 2{COl^-Cfi(,^JI^a5SS^'U 
7T-/^#iS, ^-^i'ajgfliSi io*>e>v^h 
n>7 1 1 tet[\mZtitc-?4 9u®&l)\s'<.MZ. 7u 
•fe-^-y-5 0©$iJ'#T-CIHS$ns. v^i/njg 

SS{kXf-f ^C*6fi3 0 0-7 7 h (X 

«o£^m^fP»ti^u'<ji') . ^«c^y->xf v 
^■ct3:2 1009? b<ou^ixmi^t\xm-x<om. 

t-^2 5tt^E^U-h2 Ofrfcifil 5nn 0^6 
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0 0rail)tCg«lU N2 kt#Jl 0 0~4 0 Oscan. ttft 
L < «$*>3 0 0 scan©? n-TT^'J >r-$%Z 9 2 

n, ? + >^i 5#«#7"p-fe*E*K ffl^<DSiifiwr 

ttiftl . 5 torrtt tj: £ * tSK© 5 W$K?3*&mit 3 
5. 0 0 7 v h~4 0 0 "7 v h©W:?pj& 

© 5 ffi8l N 2 5 X-7*>£s8.S -5 . 3W> 5 #P5 . N F 3 10 
*S7-7''^--i!f2 9 2(C^ASn < v-f^njgtS^jU 

•^;u*iJKfr*u^;u*r«KS3ti4. l¥L/<«> NF3 

«. #6 O Oscair- 1 1 0 Osccnv «F*U< teifo9 5 0 
scanCjIK-CTX'J-Jr--*^ 9 2KJ»AStK 
O&^JU^H**^ 1007-; r©®**Wd7p&S 

MiKWu^^i-cfiMsns. #tt\ N2 7o-4 

f?±U ^Xv^NFS ©#fflt>T£fiSU NF3 ~f 

xv^»s^{b©s^t**«j 5 mi pj^tc-r C © 

fi^«:*jl,»r«. KjR^7Xv^jEjR^*JNF3 jjfe?^ 20 

^x^tank^tj y4ff^Btr«c«5£<k3tis. c© 
7>7"r » ^^^^^©JiWjrSR^^ie^snT 

ft^T. T7 ,, ;-!r-^2 9 2tCOt»Tigv^i7 
P&^*J (fflfclX. 0~2 1007-;F)C91t©i« 

Ei«ni*>e>©E*jffiSS*&4H£U y^y*- £^292 
[ o 1 9 9 ] ±&mmwte2®mjji"<» ; 7y77 ? x 

f*£#s. f6©*SfiCT«^e-7>^Tf X («*tf. 0 30 
7 5> r~3 0 0 7 ? r*>6 1 2 0 07 ;> h~2 1 0 0 7 
? r) -C*-SCi*i-r*-5. MtcJS^CCtoT. v-f* 

Kt bite* 7- v zfXli*V>m-&t>li x$> s c <t «^© c 
itN&S. RF^X^^WT-SCVD^CC-a^r 

RFm;fru^©5>xy ^x&yv^jt^xx 
7>tt^lirit#£^tx^;>X(ttTb*v ffe©»6Wc 
«fc*itf^©^X^Xv^ + >>K^&aJflH>6*i£. ±IB 40 
©S^{t©SgR^K:-^Ci-C!|f SOBfflft&t'* e>tm> £ 

ffc©Sg^rtt*©#Sg©ii#r.att#ifc o x €> <fc < . 

CO 2 00] ±fB©&^ + >>'^-X->y©#:bDi: 

mftTEOStt, AP4 3Rtf#*i&£ 
i)<"^X2 7 3%/M/TXB , J9 K|*i©;-W 
ffli>T**>.^i s^&AStiS. 02 v-fi»pjg 

^7X7S5 5©7^ hP>7 1 lJ&>6©Wi>Pjg 50 
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VCZZtm (tfdxtf, ^5007^-21009? 
K Jf*L<IJ2 1 007?F) ©fc«)(cyXy$--* 
«2 9 2£:*>0-CS£6ft-5>. 02 teift 5 0 scair- 2 0 0 
scan. J?SU< «*^1 0 0sccm©^a-CT7''J^-$W 
2 9 2^A3tx. y-r;-OUX2 8 0«gg&;*ft. * 
t>^15 VSMi 1 tori— 2 torr. »SK tt**Jl. 5 torr 
©BE;ttRc>'#j3 0 0*C~6 5 0*C. Jff $ L < 5 5 0 

•c~6 o o*c©ias-r«iM3ns„ ^mmiz. -?4>? 

5rt©TEOS<tJSlt»-r-SCi*i-C#?>. */c, ^-©ig 
7" -5 Xv4ff4 C*ir i* S RF7"7 X7S4#r 
WltCOUTtt, fvfbTEOS*i* + >Al 5rt(CiA3 
la. RFX^X^tfX^Xv&^r&Cttf-C*, 
Ztl £J!^K5£#R F If + >/<S/-Xi > ^«:3sf U 

[020 1 )7 -^3R^*^f >^^E3i»6yf 
V-§rZ>* + Z/.>* ; is-X^Zs>f<Dmm*>'Otl,X. Si 
H4 5 0 sccnr- 2 0 0 scan. l> < « 1 0 0 scan 

©jiST^t- >^'i s^ifcUiaft^+wu 5^-5- 

y- h^-;l/X2 8 OOffiDWc* 
Xjg^»9 3*-C©ffe©«*&iS9 0 (S3) ©lo*^ 
^+ >M1 5^©^-f >8 55:/M^t:. y-h^^7*2 
8 0OE3t;Wcft 1 5 ^©ffe©-'^- isUZft l> 

x. xtJv^^p&^Eiflrai/TXttEpjsi-tfrfcsc/y- 

h*W72 8 0©KjR3ft;fcT:/';$--*g2 9 2*^- 
L/-C^ + >^1 S^WLL&tsCtftXSZ. f^Zsrt- 
is^m<P. 1 5»y- h*W?2 8 0©BBDe. 

n/c*«J 1 torr~5 torrOGE^R^ 3 0 0 *C~6 5 0 

■c, » * b < 5 5 o -c~ e o o -c©ias-c^^ n 

^ + >^1 5£^-^T.2><tFJ!T£fRiKU Si 
F4 ^©^S*fc/c»=)U. SfM^«:J:r>-C^i'>>'< 1 
Sfr#>7X&t>ti2>. 'XK.. ±3&xm&lCT&*<hin.tc 

tegjmmz. * * > ^-jjt^x p -t ^ *j^t u/c i # * 
s**^!£ir s c t * oifigfc-r 

[0202] ±MZ<D£>5K:i'--Z-yifXiZ?- + >->* 1 

5*->^>-c^--i?>^TSc:<b©^<tur, MtC, 
flStt***^*^ 1 5^^-TSCiic.fcOy^f 'J 

*JB (m«. H2 X«flfe©*^ 
jS) *«)5 Osccnr-20 Osccm. Jf*L-< 1 0 0 
scan©^G;jI•C r^'J->*f^J ttt&?SiL-Cfflt>A)tl. 
AP574/|'l/T77 ,| jy-$f2 9 2^^^>^ 

^u^i o 5*^-ur^i6ns (03) . vnn3> 

7 1 1 «**|5 0075-K25007»h, #£0<tt 
^ 1 0 0 0 7 v h©^U-<^t?CW^:- FTfPl&LT 
7^'^-*f2 9 2^-7-/^Pjgx*iU^-?rfiti(i& 

•7"7X74&)(1-4. 7^')^-ff2 9 2rtO^ 
7Xv*>6©rStfck^«. ^CC. ftXIStffiffil- 
htclblC&AT-tz>7V 2 0 0rt©«n^?n/cji8S«: 
3io-C««4 7^«EniAtf. RF7-^XvlS*$ty^{C 
O^-Ctt. *^*1^*>^1 5^iSIA3n*ORFx* 
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>^1 #-VW72 8 0Oga»3ft/c#Jl torr 

- 2 torrCDEE^S^SSCC^ 3 0 0 6 5 0 "C, Jff 

* l < izm 5 5 o °c- 6 o o •c<Dmmu&xm& ? ft 

rStt*S«, WM? v%tm&{;Xy vikfcm (H 
F) S«*££j£U ^t^l5W#>^Kti 

[0 2 0 3] i/-X^>^ ^ + >>^ 1 5<D->^>fc:j; 

^X«n§tt*^o^ffl<o^«, * + l 
5-T>^^T^«*&-r^fc©-c*s 0 7>*~T (N 

H3)«, #j5 0sccnr-2 0 0sccnk £?£U<W:#nOO 
sccmCDiSiir^^^^8 0(D T 4? J fit**® 

iitfflt^n. AP5 7^utr7 , »;^-^f2 9 

2^>W ^^>^';l/^I 0 5£:ftbTi£6ft£ (13 
3) o v^hD>7 1 l«ft500«7^ h-2500 
Vv K Jff$U<tt#Jl 000*7* KDm^U^UTC 
W^-FrfWLT7:/yy~£®2 9 2^W^P& 20 

*<g2 9 2rt©^7X7?0^(DT>^7«, ^C«C % * 

+>^i 5rftjrr£/c&teWA7-fe>:/y 2 0 ortco 

SfT^Sft/ciiSS*ii^T^4 7-vS£fti^tf 0 y*# 

PfJ&Sft/cftl torr~2torr(Dffi^R^JiOC«*j3 0 
O'C-6 5 0-a jffil<{ijB5 50-C-600 e CtDi 

ur:7^br>*^A<b^£^u. ^^>^i 5 

^6*>:7rg6ft£o RF^Xv^£^tfifeCCO(,> 30 

stcgttnsftT? *ffcr>*-$ 

Aib^JiHF^^-r^Ci^^OCi-C^^o ± 
-2>»^W^fcfflt^ft€>o 

^r^i^, ffe<D^frfefflc>e>ftSc ±.tmwi*. r 

lBCDa^^*aoJ:^CC v 2 0 0rrm^x^CC®^L^ 
±S6 U * HUD Applied Materialmen 3 ft TO 40 

"CNF 3 (>*Ufc**6, N F 3 <hT^^ 

NF3 <tN2 . NF3 <b02 % N F 3 

, CF4, C3F8. S F6 v C2 F6 , Cl2 ^<D 

IMzcDboo&frictkotfz t> y * * y > y#JW&cj!K> 
y/y-^^ yv^o-fe^ccHi^coastcjz^r^-r so 
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a. swiaa (ma. &5 5 o-c-6 0 o-o xmc 
&j:5£^e>ftTi>£#, *4>»su<w\ <i*<d?" 
cH2*****>^i srtr^ftrc^iHicaje-e^-r 
>^-i 5^mf$^ft^c<i:«a^3ft^o ffeo^ssssai 
tc *$ i »t rasa -5 sgjwjj c^n^cius^cit 

c 0 2 0 5 ] 1 1 1 . wmsjRK vane 

A. jB«F-^«^SP» 

fcBSG PRC/ USG+t^f>yi^t^BSGl 

miz$)2 0 o*>yx hP-AusG+t sr^*«ra 

mi 5 0*>y* rn-A»r*oft:. v7<Oi>Z> 

^y3>-5*^±cc*ao/c. +t^o&i»a»*t 
VD^gi o<d* + >^i 5rtr*au/cj@tcocir 

tt, y-h^/U^2 8 0Bfl^OXttMOMiHI^^7 
^*H«Sti». URCcffll^ftiSHKO^n-fe^ff 
tt^CW!D'C*4..»U<«, BSGittiR5 0 0-C© 
fiffiRWfte 0 0torr<DJ£^r«ISL/c o 1f^-fe^^<b 
FinonfRIS. ifi8imi (»3 0 0mil)t?*o 
/c 0 HK4><0^X7-a-tt, TEB^t>^«2 0 
0 mcyiKDilSr^A-r^Ci, TEOS^r*^5 0 0 mqm 
<DiIS"C3IA-r€>C<?:, mm (03)*»5 0 0 OsccmCD 

JW-csiAT&ciao^y ^a** y*//^*ft8 0 
0 0 sccmcD m&vmA-r ^ c ^ ft ^ 0 
[0206] ±ia^^tc^o, 7 0 0*>yxha-A 

/^OiSet^*aU/c:BSGJg^f#6ft/c e iiSBSG 
KW, ^1 b^CDV'U^^mS^itLXmi 5 0*>y 

[0207]USG+t^'4fflU/c«S-C(t BSG 

jvizm&igmztitcm&tci) sG+t^ t- >y®^* 

<DiS^n-fexr^$ft/c« SfSIUtem, usG+t 

f>yso*aB?cc b s Gmt^jt^^tc^Xfcmmx 
^ B -y*x-fe^^«^5 0 om>i&g*-ejjn?&u 

^*$5j6 0 0torKDE^-C««pl/, ^X-fe^^*^fX^ 
ffi-7^^-;l/F^6*^8nm 0^?3 0 0 mil)tcSgU/c 0 
TEOS, XVl/Rlf^V ^A^^J5 0 0 mgnCDigSI-T 
S^?5 00 sccmS^S 0 0 Oscai**^^ + >y^^A 
U/c e ±I2^tcJ:0, #j7 0 0*>yxhn-A/# 
©2g*C*S§ tl/cU S GlW#6h/c 0 USGllt 
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m 1 5#(D^n-feX^CC^UT^2 0 0 *>y* h D 

[0208]+t9 ^(Dfe^S^* * ? r?<D$>2> B S G 
Jg*>6<DF^>hCDffiffctev T~~d>Xtt&S8MMI 

(N2)«H*6 0«Wia>«*«MaaJ4. SS, I9M 

~1 0 0 0*>^X hd-ACDS^OaiS^ 6nSo 

— H-^'> hSO'PSG, A s SG?OB 

[0 2 101H8K** *-5«W6wt%*Wr*lft2 0 0 
*>#X hP-AJl<D** ?:/<DfrOBSGJ^£JBl>T 

[0 2 1 1] 6wt%0D*^^*e^.^5f>^^?SSK:^Ci 

^BSGSit ^Sfir«NFini"ris»ftr*«iai*«* 

ttailJBrdi^^SRIK^OM***^*. ^5 5 0-CJ: 
0Kl>iB&TB SG£*£?S3"t±<&<t 6wtS6£@*&*^ 
*«S%W*r^*^^^<DttC^«feBSGig^D4 

^±2tizimicn>xte % b s GMte*£ B m*(W±-r 
susGjars^tc+^^^sn^. */*tt**i*it-r 

£C<t&cJ;D, USG++ 7^>»;3>Si-s(DK- 

Jircfts. 

[0212] &£f*Sfc:ot>T F-?wmM±*c* + * 

^hP-AUSG+t^^BS GMLhtcVm Istcm 
©BSG«*«C»-C*»*tfoA:. «09tlt*>&. ffitt 

aHOk^9- ? ^© f— Fis<t * ?<d&z b 

SG«*fflC»rJCTS^»»**)iW"*«6*fcmSti 
£®J5£b/c 0 *©gS8t*»6. B S G®£#J 1 050'CC 

i ^(D^mmm^m-r * lbs Gmmuftoiiu s g 
tt? :/<d** b s Gmx&f&z titcmmm^ftvm 

[ 0 2 1 3 ] 04 3 ~04 5 1* % 3^tttt<D«£®%3 
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(COC*T©t»ffl*^'r^7"C*S. 04 3RC/04 5 

©aH®*. ^m^&mmv&zm&Qi&iji^vy ta* 

tiftU TNJ W^yn>*«*ffi*6»^3n/cfli3 
81.6X 1 0 14 ** y+/an3r* o/c c 04 3&tf2 

2 c «c*s nfctttt««©m»«!»w. s*#k:h»i 

-C£>£4#>f > F^P-^ (4 p p) &£JfH>T9J5£U 

*>sts##T (sims) ©aattj&ffirusstifcH 

[0 2 1 4] 1$L< 04 3«, USGttfb^^ 

10*^6.13 iwt%BSGJi*ffli^r»a^xf*^^ 

V^Wthh* BSGKttfol 5 0:*>^X Fn-AlfE 
BSGl0±^*SUcUSG+t srtr>y» 

\m 1 0 5 0 # Cr»6 O^nftaMMQACCJ: Otf o/Co 
9«C % BSGMUSGi^x^>^iSl^ 0 
4 3CtilJE>*i£<i:5K:, #6tifc«&a»©jS6Stt^"J 

;u*ij&>£9i5j— Ccm^^>o *^JK<0S:*?£KW:* #j6x 

i o 1 '** y+/cm3 -c^^o f#^nfcig^s&#<DSt3a 

fi!n^«^6 8 5Q/cm2 r*^>C<b^i&JS3tl/c 0 4 
P p Siffi ffita*tt* #J 2 2 2 Q /cm2 V & 2> C t j&*»J5£ 

1.6 x i o l4 r^>€>o 

[0 2 1 5] 04 4«\ 04 3CClBtS3ti/cffl»g^SB 
^CDS I MSWotSK$n/c F-^> Fgg^O^n 

7 7-f^*svr^7r*i. ->yz3>ss<z)^®^6 

«2X 1 O 1 ** + y+/an3 -Hftl X 1 0 J1 * 
f y+/an3 0®H*C*^> 0 ^j3>Sfi^e>»l 0 0 
^->^X ha-A-Hft3 0 o*>y^ ha-AO^^^ 
lX10 J, + tyt/an3 -fi3X10 n *t 
y i-/cm3 (DffiHt?* i/«ja >Sfi<D^M^P 6*^) 3 
0 0*>^x Fd-ACDTCD^^^ ^yn>acfl»* 
cDigS^mStciSTb. ^^;l/^S«t*^"T. 04 4CC^ 

[O216]045lt USG*t^t>yi4*Ti 

6. i 3 i wx%& sGm*m^xm&x?' v -J&btc-ric 
&&zntcmmi§t£&ft<D<o\ : -->*>h7u7TA)i'Z 
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7 ^»ffton«C*o fc. B S GSC/U S GJgtex * 

o.o 2 5 Mm <Dm2*m?zm£%foiztt\mx7*v7& 

«-\fi£tJC*r^>B SGM*CD*^^<D^ F-- higg<D 
7X 1 0 l7 * + 'J+/o>3 r£>6 0 ?#e>n/c«^gP^CD 10 
^U/cP^CDK-X^^XDjPff (Xp) W4.9X 1 

o^-c^^o 

[O217]046tt, USG+t^b">y»DW8. 
0 8 4wt%BSGmimi>xmi&A7- v^J&J&Ztltc 
S^SP*}© F— 'O h^07? -f;l/4jffy7 7t* 

<DK»*^*r/ctoCC. USG+t 7f >^J1<D&&6. 1 
3 lwt%BSGiiUSG+t^ t:*> ^Jf 8 .0 

8 4wt%BSGIg^fflC^T|^D»n^X7 ; -7^'Cff^$n 20 
/c8^8B#<DF~^'> Y^UVr 4 V-Q 

H4 8<t04 9« v &*m&?$ft<D%i2 tmmi& 

$>Z>. 05O<h05 US, &*S^<D^3±ffl«fi£U£ 
CcRir Z>m&* -r 7 Rg<Di5S£^r ^ 5 7 *C* 

6 e 04 6-^5 icDm&vmK-fvy t j )i<&vmm 

[0 2 1 8] H4 6tt. USG^t^k'>^I©*58. 
0 8 4wt%B S Gf^fflC^M^f 7 30 

BSGI«*51 5 0t>^ hD-Alt*D, B 
SG^<D±Ki£SU/cUSG** v\Z>#m\X$)2 0 0 
*>^X ha~AJl*C£>o/c 0 Jjn^X7^7^«^l 0 0 

o-cxme o#rasii$J»»acc<t»3tf ^>/c 0 bsgrc; 
usGfi^x^>^Tisuc 04 6 ccmen* 

<fc5Ct\ 8£i*##j0 . 1 2 /um C0eS«^SP7>« F-'< 
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